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NOTATION

Symbols Definition Unit or Value

CD Drag coefficient

LCDS Store drag coefficient

CL Lift coefficient

CLmax Maximum lift coefficient

DTOT Total aerodynamic drag N(lb)

E Total energy J (ft Ib)

Es  Energy state m (ft)

FEFFT Effective thrust vectot N(lb)

FN  Engine net thrust N(lb)

FG Engine gross thrust N(lb)

g Acceleration due to gravity 9.80665 m/s (2 32.17405 ft/s 2 )

hp Pressure altitude m(ft)

Total lift force N(lb)

Jet induced lift loss N(lb)

M Mach number

n Load factor normal to aircraft
in plane of symmetry

Ps Specific excess power, energy m/s (ft/s)
rate

q Dynamic pressure N/M2 (lb/ft2 )

RD  Intake momentum drag N(ft)

S Aircraft reference area m2 (ft 2 )
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Symbols Definition Unit or Value

t Time s

V Velocity m/s(ft/s)

W Aircraft weight N(lb)

wf Fuel flowrate kg/s(lb/hr)

Greek

Svmbols

Body incidence to flight path rad(deg)

Load factor n or turn rate w rad(deg)
according to selected grid
variable

Ci Engine incidence angle rad(deg)

- Nozzle deflection angle rad(deg)

Energy rate function

T Energy state E. or pressure m (ft)
altitude hp according to

selected grid variable

Turn rate deg/s
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1. INTRODUCTION

Reference 1 described a suite of FORTRAN programs developed for the

computation and presentation of data used in evaluating combat aircraft

performance.

The suite of programs produces tabulated and plotted data describing
aircraft combat performance in energy manoeuvrability terms. For each aircraft
to be evaluated the user must supply subroutines which evaluate propulsion and
aerodynamic characteristics.

After using the programs for several years some improvements and
extensions have appeared necessary and have now been incorporated in the suite
of programs.

This present document describes the purpose and nature of the various

changes in sufficient detail to allow it to be used independently of
Reference 1.

Chapter 2 presents an overview of the suite of programs and a description

of the available options and capabilities.

Chapter 3 describes the modifications to the mathematical equations.

Chapters 4, 5 and 6 present a self contained and updated user's guide

with instructions on how to operate the three modified programs.

Chapters 7, 8 and 9 describe the three modified programs; details of the
modifications and the part of the programs they affect are contained in

Appendix A.

Chapter 10 shows examples of the use of the various options.

[1]



2. OVERVIEW AND CAPABILITIES OF THE SUITE OF PROGRAMS

The object of the suite of programs is to produce tabular and plotted
data for accurate assessment of the performance and manoeuvrability of any
aircraft operating in a wide range of weapon/store configurations.

The suite consists of three main programs whose interrelations are shown

in Figure 2.1.

ACRAFT is the generic name given to the family of programs which
represents a particular aircraft; it includes user defined routines which
calculate propulsion and aerodynamic parameters using engine and drag data

files. The program uses input data describing the aircraft configuration to
perform basic calculations and produces tabular output for line printer listing
as well as a data file for input to program P2V2.

P2V2, the second program in the suite, processes the data provided by
program ACRAFT. For some requirements, (options 4B, 4C, 4Z) plotter files
(P2.PLT) are produced for plotting directly on the off line plotter; for other
requirements, (4A, 4D, 4G) program P2V2 selects and rearranges the data arrays
for further processing by P4V2.

Program P4V2 is a contour plotting program which processes the data
provided by program P2V2 and produces plotter files (P4.PLT) for submission to
the off line plotter queue.

An overview of all the options available is shown in Figure 2.2.

2.1 Program ACRAFT

Program ACRAFT produces two types of output:

(1) Unoptimised grid calculations:

and ,' tabulated over an unoptimised grid of (,, M, ;)

(2) Optimised grid calculations:
'opt and V opt tabulated over an optimised grid of (Es , ,)

where the symbols can represent the following alternative parameters

is energy state Es or pressure altitude hp.

M is Mach number.

is turn rate - or load factor n.

' is load factor if is turn rate.

or turn rate if r is load factor.

is PS, Ps/wf, PsV/wf or P./V.

Xopt is the maximum value of , over the permissable range of M.

opt is the U corresponding to Xopt

[2)



The selection of the alternative options for X, . and C is made through
the conversational dialogue when running the program.

In addition ACRAFT provides for each Mach number M and energy state T the
values of the load factor and turn rate corresponding to the lift limit
boundary.

2.2 Program P2V2

The input to the program P2V2 consist of data files prepared for
particular aircraft by program ACRAFT. The user selects by terminal input the
operations to be performed on the data. The user can choose the following

options for presenting the data:

(1) Option 4A: Contours of X on a (M,r) grid for selected ' values.

(2) Option 4B: Plots of versus L for lines of constant M with selected
values.

(3) Option 4C: Plots of \opt versus Es for lines of constant . For
this option the second type of output produced by ACRAFi is necessa
(see paragraph 2.1).

(4) Option 4D: Differential contours of X (between two aircraft) on a

(M,T) grid for selected r values.

(5) Option 4E: Differential 4C plots. This option is not currently
available.

(6) Option 4G: Contours of - on a (M,;) grid for selected values of .

(7) Option 4Z: Plots of versus M and "' versus M for lines of constant
with selected r values.
Note: Now that option 4G has been added to the program, option 4Z,
(which was previously used to create manually the contours of 4G), is
not very meaningful.

When selecting option 4B, 4C or 4Z, the output from the program is a
plotter file P2.PLT which can be submitted to the off line plotter. The outputs
produced when selecting the other options need to be further processed by the
contour plotting program P4V2.

2.3 Program P4V2

Program P4V2 processes files created by program P2V2 (with the
extension .CON) when selecting options 4A, 4D and 4G and produces a plotter file
P4.PLT to be submitted for off line plotting. The contour plots on file P4.PLT
are of two types:

(1) Contours of energy rate (or other energy parameter) on a Mach number,
altitude (or energy state) grid. (Option 4A and 4D)

(2) Contours of energy rate (or other energy parameter) on a Mach number,
turn rate (or load factor) grid. (Option 4G)

A conversational dialogue allows the user to define the range of contours
required and the scales to be used on the x and y axes.

[3)



FIG. 2.1 Information flow between the three programs
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I MMD OPTION
4A contour of X on a (M,h ) grid. One page per selected n 1

p

4B > versus for lines of constant M. One page per selected h 2
p

4D differential 4A 3

4G contours of X on a (M,n) grid. One page per selected hp 4np

no Z vru -) 5

askednot 4Z x versus M 1 for lines of constant n. One page per selected hp

if 4A contours of X on a (M'hp) grid. One page per selected 6
S=p

4B versus n for lines of constant M. One page per selected hp 7

4D differential of 4A 6

4G contours of on a (M,) grid. One page per selected h 9

4Z > versus M Ifor lines of constant (. One page per selected hp
n versus Mset

4C X opt versus E fcr lines of constant n
n 1

4E differential of 4C - Not available 12
y4C opt versus E for line of constant

I 4E differential of 4C - Not available 14

4A contours of x on a (M,Es ) grid. One page per selected n 15Js

4B . versus - for lines of constant M. One page per selected E 1l6
_ sI

4D differential 4A 17

4G contours of ), on a (M,n) grid. One page per selected E 18

4Z X versus MN for lines of constant n. One page per selected Es 19

noversus M]

4A contours of k on a (M,Es) grid. One page per selected 20

4B X versus n for lines of constant M. One page per selected Es 21

4D differential of 4A 22

4G contours of X on a (M,-) grid. One page per selected E s  234Z differentia oM 4A

n4Z > versus N for lines of constant . One page per selected E s 24

Note: 7 is energy state Es or pressure altitude h

is load factor n or turn rate

K is energy parameter P5 or Ps/Wf or Ps V/wf or Ps/V

FIG. 2.2: Overview of Options Available
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3. ALTERATIONS TO EQUATIONS

The equations of motion contained in Chapter 2 of Reference I were
approximate in that net thrust FN was used instead of gross thrust FG and a
ram drag term was not included. In addition the effects of vectoring the thrust
(as occurs in STOVL aircraft) had not been accounted for; this involves the
inclusion of the nozzle deflection angle Oj and a term LL to allow for jet
induced lift loss.

The equations have now been modified; the aerodynamic and propulsive
forces acting on the aircraft have been resolved into three vectors (see
Figure 3.1):

A total lift vector which is perpendicular to the flight path:

.1OT qS L +(FN RD) sin (a + C i + _j) - L

An effective thrust vector which is the component of thrust acting along
the flight path (including a propulsive drag term):

FEFFT = (FN + RD) cos (a + 'i + Cj) - RD

A drag vector which lies along the flight path:

DTOT = qSCD + q -- -CDS

where FN = Engine net propulsive force

RD = Ram drag (Intake momentum drag)

FG = FN + RD = Engine total gross thrust

a = Angle of attack (deg)

= Engine incidence angle (deg)

= Nozzle deflection angle (deg)

q - Dynamic pressure

'L - Jet induced lift loss

CL = Lift coefficient

CD = Drag coefficient

41



We can then write as with conventional aircraft (see Reference 1)

dE

PS - = (FEFFT DTOT) -
dt w

(7]
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FIG. 3.1 Aerodynamic and propuilsive forces



4. PROGRAM ACRAFT USER'S GUIDE

The conversational input to the program is best described with reference
to a typical run. Examples of dialogue are shown in Chapter 10.

Care must be taken for the replies to questions on selecting grid
variables to be compatible with the format of the plots required from the
subsequent programs; the various options available are listed in Figure 2.2.

Although only some of the questions have been modified from the ones
described in Reference 1, for completeness all replies have been described in
this updated user's guide.

Question I : IMPERIAL (0) or SI(1) UNITS

Replies of ) or I indicate that output quantities from ACRAFT are to be
in Imperial or SI units respectively. Any other reply results in an error
message and the question is repeated.

Note: All internal calculations are in imperial units.

Question 2 : AIRCRAFT DATA FILENAME

Reply with the name (up to 10 characters) of the disk file containing the
required data. A typical example of a store file is given in Figure 4.1. The
contents and format of the file are as follows.

Line Format Description

I 2A5 Aircraft name (up to 10 characters)2

2 3G Wing reference area (ft2 or m )

Store file unit flag (0 for Imperial units, I for
SI units)
Data type flag (0 for binary spline data, I for PACAM
tabular data)

3 3G Gross weight (lb or kg)
c.g. position (% MAC)

Structural load factor limit of aircraft
4 14A5 Configuration description (up to 70 characters)
5 2A5 Engine data file name if spline data or PACAM input

file name if tabular data (up to 10 characters)
6 2A5 Aerodynamic data file name if spline data and blank if

PACAM tabular data (up to 10 characters).
7 G Number of points in store drag table
8 lOG Mach Number list in store drag table *
9 IOG Drag count list in store drag table *

* 10 items per line; carry on to next line if more than 10 entries on any

line. Not needed if 0 points indicated at line 7.

19]



Question 3 PS, PS/WF, PS*V/WrF OR PS/V (1,2,3 or 4)

Reply Meaning

I Calculate Ps as dependent variable, i.e. X Ps

2 Calculate Ps/wf as dependent variable, i.e. X = Ps/Wf

3 Calculate PsV/10OOwf as dependent variable, i.e. x = PsV/Wf

4 Calculate 1000Ps/V as dependent variable, i.e. X = ps/V

Values of 1,2,3 and 4 are valid as input. Any other value produces an
error message and the question is repeated.

Question 4 : IS HP THE HEIGHT VARIABLE

A reply "Y" (yes) indicates that pressure altitude is to be used as the
height grid variable (i.e. T is pressure altitude hp). Any other reply will
result in energy state being used as the height variable (i.e. t is Es).

If energy state is selected as the height variable (t is Es ) the
following question is asked.

Question 4a : MAXIMUM MANOEUVRE?

A reply "Y" will cause Y optimum to be calculated for a maximum manoeuvre
diagram (MMD).

Any other reply causes the performance variable X to be calculated for an
unoptimised grid.

Question 5 : PRESET GRID (Y,N or C/R)

A Carriage return (C/R) reply results in the preset grid values being
typed on the user's terminal. The values for the preset grid are:

start value increment final value

7 (Imperial) 0 4000 68000
7 (Si) 0 1000 20000
M (Military Power) 0 .05 1.5
M (After Burner) 0 0.05 2.0

is load factor 1 2 9

A reply "Y" results in the preset grid values to be used in the run. The
next question then being question 10.

Any other reply will result in the following questions

[10]
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Question 6 HP ,HP STEP, NO OF STEPS (if T is hp
or ES ,ES STEP, NO OF STEPS (if T is Es )

Reply with an initial value for T (must be > 0)

• an increment for T (must be >0)
number of points, including first and last. (must be >0 and
< 50)

These three parameters, defining the height grid, should be typed on one
line separated by comas or blanks.

Question 7 : MACH, MACH STEP, NO OF STEPS

Reply in a similar way to question 6 so as to specify the Mach number
grid.

If an optimized grid (MMD) has been requested in question 4a, question 7
is not asked.

Question 8 : GRID FOR LOAD FACTOR (0) OR TURN RATE (1)

A reply of 0, requests a constant increment grid of load factor ( is
load factor)

A reply of 1, indicates a request for a constant increment grid of turn
rate ( is turn rate).

Question 9 TR, TR STEP, NO OF STEPS (if is turn rate)
or GNO, GN STEP, NO OF STEPS (if C is load factor)

Reply in a similar fashion to question 6 so as to specify the r (turn
rate or load factor) grid.

Note: Turnrate is expressed in deg/s and if is load factor the initial value
must be greater or equal to 1.

Question 10 : POWER (MIL-IO0, MAX=200)

Military power is indicated by a value of 100, and maximum augmented
power by a value of 200. Tens and units digits indicate a percent of the
maximum of that range. A valid reply is 0 < Power < 200. Any other reply
causes an error message to be typed on the terminal and the question is
repeated.

Note: The power setting requested must be consistent with the propulsion
characteristics specified in the user defined subroutine THRUST.

Question 11 : WING SWEEP (IF VARIABLE)

Supply wing sweep in degrees if aerodynamic data includes wing sweep
effects. Otherwise reply with a carriage return.

A nominal valid reply is 0 < Wing sweep < 80*. Any other reply causes an
error message to be typed on the terminal and the question is repeated.

K Mi]
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Question 12 NOZZLE DEFLECTION (IF VARIABLE)

Supply the nozzle deflection in degrees if the aircraft is a vectored
thrust aircraft; otherwise reply with a carriage return.

A nominal valid reply is 0 < nozzle angle < 110e. Any other reply causes
an error message to be typed on the terminal and the question is repeated.

Question 13 : ATMOSPHERE, DEVIATION

This input is provided if the user-defined subroutine THRUST (from
ACRAFT) has been written to handle alternative atmospheres. Valid replies are:

ICAO,X FORMAT (A4,G)

ARDU,X J

Where X is a deviation from the nominated atmosphere in degrees Celsius.
It may be omitted if X is zero.

If an invalid reply is made a warning message is typed to the terminal

and ICAO atmosphere is assumed.

Question 14 : OUTPUT (1=TEXT, 2=NOS, 3=BOTH)

Reply Meaning

I Formatted output with full ASCII text and headings
is requested (on logical unit 6).

2 Numerical data output is required (on logical unit
8) for input to program P2V2.

3 Both types of output are required.

Any other reply causes an error message to be typed and the question is

repeated.

Question 15 : O/P FILE NAME FOR UNIT m

Supply a 10-character filename for output as requested; m - 6 is the
logical unit number for full format output; m - 8 is the logical unit number for
numerical output.

Formatted output should be printed with /P/B switches to produce listings
suitable for permanent retention.

Numerical output may be printed if required.

[12]



AIR CRAFT
230.,0,0
25000. , 00. , 7.0

AIR SUPERIORITY 2 AIM9 + 50% FUEL
ENGINE.BIN
AERO.BIN
5

120, 146,191,304,370

FIG. 4.1 Typical Example of a Store File

[13]



5. PROGRAM P2V2 USER'S GUIDE

The inputs to program P2V2 consist of the data files created by the
program ACRAFT.

The data is then manipulated by P2V2 according to commands supplied at

the users terminal during the execution of the program.

Question I : OPTION OR (CR) FOR HELP:

Reply with the appropriate option code. A carriage return is interpreted
as a request for help and a one line description of each option together with
the name of the output file produced, is typed on the terminal.

Reply Option

4A X contours on a (M, -) grid for selected - values.

4B X versus C' for lines of constant M for selected t values.

4C Xopt versus E. for constant C values.

4D differential x contours on a (M,T) grid for selected values.

4E differential Xo t versus Es for constant . values. Not
implemented in his version.

4F Maximum Manoeuvre Persistence interactive aid. Not available
in this version.

4G X contours on a (M,) grid for selected T values.

4Z X versus M for lines of constant ' as well as ' versus M for
lines of constant r for selected T values.

- any other reply will cause a help message to be typed to the
terminal and question 1 to be repeated.

Where X is Ps or Ps/wf or PsV/wf or Ps/V.

T is E. or pressure height hp.

is turn rate or load factor.

' is load factor if is turn rate or vice versa.

[14]



5. PROGRAM P2V2 USER'S GUIDE

The inputs to program P2V2 consist of the data files created by the
program ACRAFT.

The data is then manipulated by P2V2 according to commands supplied at
the users terminal during the execution of the program.

Question I : OPTION OR (CR) FOR HELP:

Reply with the appropriate option code. A carriage return is interpreted
as a request for help and a one line description of each option together with
the name of the output file produced, is typed on the terminal.

Reply Option

4A X contours on a (M, r) grid for selected : values.

4B X versus t' for lines of constant M for selected - values.

4C Vopt versus E. for constant r values.

4D differential contours on a (M,T) grid for selected : values.

4E differential N _ versus Es for constant ; values. Not
implemented in Nis version.

4F Maximum Manoeuvre Persistence interactive aid. Not available
in this version.

4G , contours on a (M,:) grid for selected T values.

4Z versus M for lines of constant ' as well as -' versus M for
lines of constant - for selected T values.

- any other reply will cause a help message to be typed to the

terminal and question I to be repeated.

Where is P. or Ps/wf or PsV!wf or Ps/V.

is E. or pressure height hp.

is turn rate or load factor.

is load factor if is turn rate or vice versa.

[141



5.1 Option 4A

This option produces V contour data on a Mach number (x axis), T (y axis)
grid, at selected values of ; (turn rate or load factor). The output is written

on file P24A1.CON which will have to be processed by P4V2.

Examples of dialogues running this option are shown in Figures
10.1 and 10.4.

Question Al : DATA BASE FILENAME

Reply with the name (up to 10 characters) of the appropriate numerical

output (logical unit 8) file from PIV2. After reading the header on the file
program P2V2 echoes on the user terminal.

*** DATA ARE IN U UNITS, ENERGY PARAMETER IS \
*** CONSTANT INC. OF *

U is IMPERIAL or SI, X is PS, PS/WF, PS.V/WF or PS/V as appropriate and

is TVRNRATE or LOAD FACTOR as appropriate.

Question A2 : REPLY "YES", "NO", "ALL" OR "END"
OUTPUT DATA FOR = i ?

Reply of 'Y', 'N', 'A' or 'E' indicates as follows:

Repl Meaning

Y Output data for contour plot at 7 =:j required.

N No output data required for

A Output data required for all j.

E Exit from output data loop and do not output data for

; or any following i"

Any other reply is interpreted as a 'N'.

Question A2 is repeated for all values of C selected unless the loop is
exited.

Output is written onto file P24AI.CON, for input to program P4V2. File

P24Al.CON may be renamed if desired before running P4V2. P24A1.CON is an ASCII
file and may be printed, although it is not easy to read but is suitable for
debugging purposes.

[151
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5.2 Option 4B

This option creates plots of X versus ;' for selected values of Mach

number. One page of plots is produced for each requested altitude (or energy

state). The output is written onto the plot file P2.PLT which can be submitted

to the plotter queue.

An example of dialogue running this option is shown in Figure 10.7.

Question BI : DATA BASE FILENAME:

Reply with the name (up to 10 characters) of t,.e appropriate numerical

output (logical unit = 8) file from PIV2. Program P2V2 will echo on the
terminal:

* 'ATA ARE IN U UNITS, ENERGY PARAMETER IS "
*** CONSTANT INCREMENT OF

where (as appropriate)

U is IMPERIAL or SI
is PS, PS/WF, PS.V/WF or PS/V
is TIRRN RATE or LOAD FACTOR

Question B2 : SCALES IN UNITS/INCH OF PLOT
TURNRATE/LOAD FACTOR, ENERGY VARIABLE:

Reply with the amount of physical quantity which one inch of plot would
represent on each axis where the x axis represents -' (turnrate or load factor)

and the y axis represents the energy variable - . (As a rough guide use 500

ft/s/inch for PS and 4 deg/sec/inch for the turn rate).

Question B3 : MAXIMJM FOR ENERGY AXIS:

Reply with the approximate maximum X value of interest on the y axis (in
the order of 1000 ft/s for PS ) .

Question B4 : ENERGY AXIS LENGTH:

Reply with the appropriate length in inches of the y axis (7 inches is

representative for trimming to A4 size).

Question B5 : REPLY "YES", "NO", "ALL" OR "END":
HEIGHT - T. ?

One page of curves is plotted for each height selected.

Replies and significance of questions are listed below.
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Reply Meaning

Y (Yes) Plotting is required for Ti value. Mach numbers
to be plotted will now be listed.

N (No) Do not produce the plot for this value of

A (All) Plot all the data given for Ti . Use this when the
Mach number values are known and plots for all 7

are to be produced.

E (End) Exit from height plotting and hence from program.

Question B6 : MACH = Mj

This question is asked only if the reply to Question F5 was 'Y'

Reply Meaning

Y (Yes) Plot a curve for this Mach number.

N (No) Skip this Mach number.

A (All) Plot curves for all remaining Mach numbers for

current

E (End) Skip remaining Mach numbers and go to the next Ti

The output file P2.PLT contains the reauested plo:s and is submitted to
the off line plot queue.
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5.3 Option 4C

This option produces plots of )pt versus energy state Es for contant r
values. The output is written onto the plot file P2.PLT which can be submitted
to the plot queue.

Examples of dialogues running this option are shown in Figures

10.9 and 10.12.

Question Cl : DATA BASE FILENAME:

Reply with the name (up to 10 characters) of the numerical output file

from PIV2. Program P2V2 will echo the following message on the terminal:

*** DATA ARE IN U UNITS, ENERGY PA AKETERS IS

*** CONS-ANT INC. OF _ ****

where U is IMPERIAL or SI

X is PS or PSiWF or PS.V/WF or PS/V
is TCRN RATE or LOAD FACTOR

Question C2 : SCALE IN UNIT'INCH OF PLOT
ES, PS :

Reply with the amount of physical quantity which one inch of plot would
represent on each axis. E. is plotted along the x axis and is plotted along

the v axis.

Question C3 : PS MIN VALUE, PS AXIS LENGTH (INS)

Replv with the approximate minimum k value of interest and the length of

the y axis ,in inches).

Question C4 : REPLY "YES", "NO", "ALL" OR "END"
?, 7

Where , is TURN RATE or LOAD FACTOR as appropriate.

Replies and meanings are indicated below.

Reply Meaning

Y (Yes) Plot a curve of (ES, N ) points for this 1.

N (No) Do not plot a curve and try next Li

A (All) Plot curves for this and subsequent i

E (End) Skip the remaining i and hence exit from program.

The output file for option 4C is P2.PLT, a plot file which must be

submitted to the off-line plot queue.

-=" [18]
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5.4 Option 4D

This option produces different ial , contour data on a Mach number, T

grid at selected values of (turn rate or load factor). The versions of ACRAFT

appropriate to the two different aircraft are run using their respective data

files with identical altitude, Mach number and load factor (or turn rate) grids

as in option 4A, and then subtracting the data at the grid points when running
P2V2. The output is written on three files P24AI.CON, P24A2.CON and P24DIF.CON

which will have to be processed by P4V2.

An example of dialogue running this option is shown in Figure 10.15.

Question Dl : DATA BASE FILENAME:

Reply with the name (up to 10 characters) of the appropriate numerical

output file (logical unit 8) created by PIV2 for the first aircraft. After
reading the header on the file program P2V2 echoes, as in option 4A, details of

the options selected when running PIV2.

Question D2 : REPLY "YES", "NO", "ALL" OR "END"
OUTPUT DATA FOR =i ?

Reply to this question is the same as for option 4A. The load factor (or

turn rate) selection applies both to the base file and to the comparison file
considered. This question is repeated for all values of selected when the

loop is exited.

Question D3 : COMPARISON FILENAME:

Reply with the name of the output file (logical unit 8) created by PlV2

for the second aircraft (comparison aircraft) to be compared with the first

aircraft (base aircraft). Data files are considered to be valid for comparison

if when running ACRAFT the grid points selected are identical, and the type of
energy parameter and units chosen are the same; other parameters such as power

setting, wing sweeps, nozzle deflection and atmosphere type are not checked.

Output for this option is in ASCII mode on three files P24AI.CON,
P24A2.CON, P24DIF.CON which can be used as input for processing by P4V2.
P24Al.CON is the same as would be produced by running option 4A with the same
replies using the base aircraft data file as input. P24A2.CON is the same as

would be produced by running option 4A using the comparison aircraft data file

as input. P24DIF.CON is the file used when running P4V2 to generate the
differential contour plots.

5.5 Option 4E

In Reference I this option produced differential MMD plots. This option

4 was not implemented when the programs were restructured and extended as it was
felt the amount of programming effort required was not in proportion to the
usefulness of the plots presented. The code used in Reference 1 is still
available and this option could be implemented if required at a later date.

![19]
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5.6 Option 4F

In Reference i this option provided an interactive aid for maximum

manoeuvre persistence where the user provided data obtained from the output file

of option 4C to calculate the number of turns an aircraft could make before

running out of fuel. This option was removed because it was felt those

calculations were better handled off line with a calculator.

5.7 Option 4G

This option creates a file P24G.CON which can then be processed by

program P4V2 to produce contours of X on a Mach number (x axis), t (y axis) grid

at selected values of T.

An example of dialogue running this option is shown in Figure 10.17.

Question G1 : DATA BASE FILENAME :

Reply with the name (up to 10 characters) of the appropriate numerical

output file from PlV2. After reading the header on the file, program P2V2 will

echo the following:

* DATA ARE IN U UNITS, ENERGY PARAMETER IS N

*** CONSTANT INC. OF ***

where U is IMPERIAL or SI

X is PS or PS/WF or PS.V/WF or PS/V
is TURN RATE or LOAD FACTOR

Question G2 REPLY "YES", "NO", "ALL" OR "END"
OUTPUT DATA FOR T ? "

Reply of 'Y', 'N', 'A', or 'E' indicates as follows

Reply Meaning

Y (yes) Output data for contour plot at T = tiis required.

N (no) No output data required for T = T i .

A (all) Output data required for all Ti"

E (end) Exit from loop and program P2V2.

Do not output data for or any subsequent i

Question G2 is repeated for all values of selected unless the loop
is exited.

The output is written onto the file P24G.CON for input to program P4V2.

P24G.CON is an ASCII file and maybe printed, although it is not easy to read but

suitable for debugging purposes.
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5.8 Option 4Z

This option creates a plot file P2.PLT for plotting the energv parameter
X versus Mach number for lines of constant as well as ;' versus Mach number
for lines of constant -. One page of plots is produced for each requested

An example of dialogue, running this option is shown in Figure 10.21.

Question ZI : DATA BASE FILENAME:

Reply with the name of the appropriate numerical output file from PIV2.
Program P2V2 echoes the following message on the terminal:

*** DATA ARE IN U UNITS, ENERGY PARAMETER IS

*** CONSTANT INC. OF " ***

where U , and 7 are appropriately defined as for option 4B.

Question Z2 : REPLY "YES", "NO", "ALL" OR "END"
HEIGHT = Ti ?

One page of curves is plotted for each height selected. Reply as for
question B5

Question Z3 : = *1

This question is asked only if the answer to question Z2 is yes.

Reply as for question B6 with Mach number being appropriately replaced by
in the discussion.

The output file for option 4Z is P2.PLT, a plot file which must be
submitted to the off line plot queue. The scales for this option are fixed.
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6. PROGRAM P4V2 USER'S GUIDE

The inputs to program P4V2 consist of data files created by program P2V2
when choosing options 4A, 4D and 4G.

A selection is made when running P4V2 using terminal inputs of data to be
plotted. Numerous examples are shown in Chapter 10.

The sole output of the program P4V2 is the plotter file P4.PLT.

6.1 Option 4A

Examples of dialogues running this option are shown in Figures
10.1 and 10.4.

Question I : INPUT FILENAME

Reply with the name (up to 10 characters) of the appropriate file
generated by option 4A in program P2V2. The file P24A1.CON created by P2V2 may
be renamed before running P4V2, (P4V2 will still know which option produced it)
P4V2 will then echo on the users terminal the following options selected in
P1V2:

* DATA ARE IN U UNITS, ENERGY PARAMETER IS \ *
*** CONSTANT INC. FOR " ***

Where (as appropriate)
U is I.PERIAL or SI
X is PS, PS/WF, PS.V!WF or PS/V

is LOAD FACTOR or 7URN RATE

Question 2 : SCALES IN UNITS/IN OF PLOT - MACH, ALT:

Reply with the amount of physical quantity which one inch of plot should
represent on each axis, where the x axis represents Mach number and the y axis
represents pressure altitude or energy state. (As a rough guide use .2 to .4
units/inch for the Mach number and 10000 ft/inch for the altitude).

Question 3 : SMOOTHED AND TEXTURED CONTOURS:

Reply with "Y" for the contour points to be joined by a cubic spline,
meaning contours will have continuous 1st and 2nd derivatives.

Reply with "N" for the contour points to be joined by straight lines.

If the grid size is small there is little or no difference between
smoothing and non-smoothing (So it is better to select non-smoothing as this
will speed up execution time).

Question 4 : PLOT ES CONTOURS?

Reply with "Y" (yes) or "N" (no) where yes signifies that dashed lines

of constant energy state will be superimposed on the requested plots.
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Question 5 : CONTOUR LEVELS - START, STEP, NO:

This question is only asked if energy state contours are required.

Reply with the minimum E., the increment in E. between contours and
the number of Es contours required.

These values should be in the appropriate units (as a rough guide use
5000ft for the start and step values and 20 for the number of steps).

Question 6 : PLOT = ti

is either LOAD FACTOR or TURN RATE as appropriate.

Reply with "Y" (yes) or "N" (no) where yes signifies that a new page of
plots be set up for the required i" If the reply is no, the question is
repeated for the next ,"

Question 7 : CONTOUR LEVELS - START, STEP, NO:

If the reply to question 6 was "yes" then this question is asked for the
page of plot for each requested Ii.

Reply with the xl value of the lowest valued contour to be plotted, the
increment between contours (must be positive) and the number of contours (>0 and
< 50).

These values should be in the appropriate units depending upon
both U and ' As load factor increases, more negative contours shculd be
plotted.

After the last value of is processed, a informative message "END OF
DATA ON LOG5" is typed on the terminal, it does not indicate an error
condition.

After question 7 is repeated for each C value for which data exists, P4V2
ceases execution and the output plot file P4.PLT may be placed on the off line
plotter queue.

6.2 Option 4D

An example of dialogue running this option is shown in Figure 10.15.

Replies for this option are very similar to those of option 4A for one
aircraft. The only difference is that requests for contour levels now refer L,-
the difference between the two aircraft at each grid point. The aircraft
referrred to by program P2V2 as the DATA BASE will be indicated by positive
contours and that referred to as the COMPARISON will be indicated by negative
contours. Full identification headers are included on the plotted output on
file P4.PLT.
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6.3 Option 4G

An example of dialogue using this option is shown in Figure 10.17.

Question I : INPUT FILENAME

The name of the file created by program P2V2 when using option 4G is
P24G.CON but this file can be renamed before running P4V2. See Paragraph 6.1
for the meaning of the prompt message.

Question 2 : SCALES IN UNITS/IN OF PLOT - MACH, TR/LF:

Reply with the amount of physical quantity which one inch of plot should
represent on each axis, where the x axis represents Mach number and the y axis
represents either turn rate or load factor. (As a rough guide use .2 to .4
unit/inch for the Mach number, and 4 deg/sec/inch for the turn rate)

Question 3 : SMOOTHED AND TEXTURED CONTOURS:

Reply with 'Y' or 'N' as for question 3 of option 4A.

Question 4 : PLOT LOAD FAC. !TURN RAD. GRID ?

This question is only asked if is turnrate.

Reply with 'Y' (yes) if a background grid of constant load factor lines
and constant turn radius lines is desired for each page of plot. The grid is
appropriately modified to suit the unit system selected.

Any other reply will be interpreted as no.

Question 5 : PLOT H = Ti?

Reply with "Y" (yes) if a new page of contours is to be set up for the

required height.

Any other reply is interpreted as no and the question is repeated for the
next height value.

Question 6 : CONTOURS LEVELS - START, STEP, NO:

If the reply to question 5 was "yes" then this question is asked for the
page of plot for each required height.

Reply as for question 7 of option 4A.

After question 6 is repeated for each height value for which data exists,
P4V2 ceases execution and the output plot file P4.PLT can be placed on the off
line plot queue.
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7. PROGRAM ACRAFT DESCRIPTION

7.1 Loading of Program on DEC System-lO

The commands for loading program ACRAFT and saving a core image on disk
on DEC system-10 are:

LOAD ACRAFT, PIV2, PILIB/SEARCH, PAC21N/SEARCH

SAVE ACRAFT

The SAVE command on the DEC system-lO creates an executable version of
the program.

The file ACRAFT contains all the user defined routines which are
different for each aircraft, whereas the service routines in P1V2 are general
and applicable to all aircraft. P]LIB includes routines for use with spline
fitted data (Reference 3) whereas PAC21N contains routines for use with the
tabular format data of a PACAM2 aircraft data file (Reference 2).

The routines contained in each of these files are listed in the following
table and described in this Chapter.

ACRAFT MAIN BLOCK THRUST AEROMX GETALF AERO GETCD GETCDA

GETCDCL XSPMIN XSPMA-X YSPMIN YSPMAX

PIV2 PIIN BADINP TABLE ATMOS INTRP HEIGHT HTRUE IDENT
PIOUT BININ ALTIT PARAMS MAXMAN SEP PlOUTA MONSEP

PILIB SURF CUBICS CHECKD SPDER3 ROMIN

PAC2IN PAC21N TABIN PACINT FIND DINTRP PACDER

7.2 File ACRAFT

7.2.1 ACRAFT MAIN Program

This is a small routine which calls PlIN for program input and TABLE tc
start calculation of aircraft performance parameters.

7.2.2 BLOCK DATA

Defines the data in the COMMON blocks. The data in COMMON C represents
atmospheric profiles, text constants and other numeric constants; the data in
COMMON USER is defined by the user for use in the aircraft dependent routines.
The contents of all the COMMON blocks are listed in Appendix 6 of Reference I.
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7.2.3 THRUST Subroutine

THRUST is an aircraft dependent routine supplied by the user and is

called by soubroutine TABLE or SEP (in P1V2).

In THRUST, values of gross thrust (and lift loss in the case of vectored

thrust aircraft) are determined and transmitted through COMMON USER to the user

defined subroutines AERO and AEROMX.

Fuel flow and maximum Mach number are also calculated in THRUST and

supplied to PlV2 through COMMON B. Since THRUST is user defined its form will

depend on the nature of the data available. The following three examples
demonstrate the flexibility of this approach.

In example I (Figure 7.1) spline coefficients have been derived from

original data for net thrust, ram drag and fuel flow expressed as dimensional
functions of height and Mach number. The data was available for two power
settings (intermediate and augmented) and an ICAO atmosphere. The spline
coefficients were derived using program SPLFIT.EXE (see Reference 3) and stored

in the binary file ENGIN.BIN which is then accessed in THRUST by calls to SURF.

In example 2 (Figure 7.2) spline fitting techniques were applied to
tables of gross thrust, net thrust and fuel flow data, available in normalised
form as functions of height and Mach number; an additional parameter, lift loss

coefficient, was expressed as a function of jet velocity ratio and nozzle
deflection angle.

Example 3 (Figure 7.3) illustrates the case where the data is accessed
from an ASCII file with tabular format. Using the routines from PAC21N, gross

thrust, ram drag and fuel flow are linearly interpolated for the desired
altitude, Mach number and power setting.

7.2.4 AERO.MX Subroutine

AEROMX is a user defined routine called by subroutine TABLE or SEP.

For a given Mach number, AEROMX returns, to PIV2, through COMMON B, the
maximum usable lift coefficient together with the corresponding angle of attack
and total lift.

Other aerodynamic information dependent only on height and Mach number
can also be determined in AEROMX (e.g. incremental store drag and other
aerodynamic coefficients) and transmitted to the other user defined routines

through COMMON USER. An example is shown in Figure 7.4.

7.2.5 GETALF Subroutine

GETALF is a user defined routine called by AEROMX.

For a given lift coefficient CL passed through COMMON USER and a given
Mach number M transmitted through COMMON B, subroutine GETALF will return the
corresponding angle of attack i.

In the example of Figure 7.5 starting with an initial estimate of angle

of attack a Newton Rahpson method is used to evaluate successive approximations

of lift coefficient obtained from a call to SURF which returns CL0c,M).
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7.2.6 AERO Subroutine

AERO is a user dependent routine called by TABLE or SEP that returns
through COMMON B, values of total drag and effective thrust.

In the example given in Figure 7.6 an initial estimate of the angle of

attack is made and a Newtonian iteration is used to caluculate, for a given Mach
number, altitude and load factor, the trimmed angle of attack and lift
coefficient using the curve fitted data stored in array E. Effective thrust and
total drag are then calculated.

7.2.7 GETCD Subroutine

GETCD is a routine called by AERO to determine the drag coefficient

(including incremental store drag) for a given lift coefficient and Mach number.
This can be done in various ways depending on the data available, as shown in
Figures 7.7 and 7.8.

7.2.8 GETCDA Subroutine

The purpose of GETCDA is to return the drag coefficient and angle of

attack, given Mach number and lift coefficient. This can simply be done by
calling GETALF and GETCD as shown in Figure 7.9.

This routine is required if the user wishes to run program PC2PI to use

the spline fitted data created for PIV2 to make up an aircraft file for PACAM2.

7.2.9 GETCDCL Subroutine

For a given Mach number (passed through COMMON B) and a given angle of
attack (passed through COMMON USER) GETCDCL determines the lift coefficient and
then the drag coefficient.

In the example shown in Figure 7.10, CL is determined by a call to SURF
to access the first spline stored in array E representing CL(1,M); CD is
then evaluated by a call to GETCD. Another example as shown in Figure 7.11.

7.2.10 XSPMIN and XSPMAX Functions

XSPMIN and XSPMAX are used in all the user defined functions; they

respectively return the lower and upper bound of X, stored in the two
dimensional spline. These functions are shown in Figure 7.12.

7.2.11 YSPMIN and YSPMAX Functions

Equivalent to 7.2.10 but for the Y variable.

[27]
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7.3 File PIV2 (PI Version 2)

7.3.1 PlIN Subroutine

PlIN controls all input data. All aircraft-independent parameters
defining the type of calculations required are accepted in conversational mode,
with validity checks where possible. Aircraft-dependent data is read from disk
via a call to IDENT.

This subroutine has been slightly modified to allow for the additional
options: turn rate variable and fourth energy parameter. The modifications are
labelled K3, K4, K5 in the program listing.

7.3.2 BADINP Subroutine

BADINP types out an error message on the user's terminal. It is used to
check input validity during conversational input operations.

This subroutine has not been changed.

7.3.3 TABLE Subroutine

TABLE controls the calculation and output of the unoptimised
manoeuvrabilitv grid using the following grid variables:

7 being energy state or pressure altitude depending on the input
request.

Mach number.
being load factor or turn rate depending on the input request.

The principal outputs are now:

Energy parameter : Ps or Ps/wf or PsV/wf or Ps/V.
Turn rate (if Z is load factor) or load factor (if is turn rate).
The load factor and turn rate corresponding to the maximum lift
boundary.

The subroutine has been modified in Version 2 to allow for the additional
options (turn rate grid variable and fourth energy parameter) and to calculate
specific excess power P. using gross thrust rather than net thrust (see
Chapter 3 for more details). The modifications are labelled K2, K3, K4, K5 in
the program listing.

7.3.4 ATMOS Subroutine

ATMOS calculates atmospheric parameters, giving temperature as a function
of pressure height in either ICAO or ARDU Atmospheres.

This subroutine has not been changed.

7.3.5 INTRP Subroutine

INTRP is a linear interpolation, returning ordinate and gradient
information.

This subroutine has not bee changed.
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7.3.6 HEIGHT Subroutine

HEIGHT calculates the geopotential height corresponding to a given
pressure height in the nominated atmosphere.

This subroutine has not been changed.

7.3.7 HTRUE Subroutine

HTRUE calculates the true height for given atmospheric parameters.

This subroutine has not been changed and is explained more fully in

Reference 1.

7.3.8 IDENT Subroutine

IDENT is an input subroutine which reads the aircraft identification
data file.

It has been modified to allow the option of either:

calling BININ to read binary records from an engine data file into array
F and an aerodynamic data file into array E.
calling PAC21N to read a PACkM 2 ASCII data file (engine and aerodynamic
tables) into arrays E and F. (See Paragraphs 7.1 and 7.5 for more
details)

7.3.9 PIOUT Subroutine

PIOUT provides output control for unoptimized performance calculations.

A text-formatted output file is produced for printing and an alphanumeric output
file is produced for input to program P2V2.

This subroutine has been modified to print the lift limit boundaries, and

to allow for the extra option of the energy parameter Ps/V and the alternative
option of a turn rate grid. The modifications are labelled K2, K3, K4, K5 in
the program listing.

7.3.10 BININ Subroutine

, BININ reads data into a nominated storage area from a specified disk
file. This file must consist of a sequence of binary records, with the first
word in each record being the number of data items in that record.

This subroutine has not been changed.

7.3.11 ALTIT Subroutine

ALTIT performs a Newton iteration to determine pressure height hp and
other atmospheric quantities, when the independent variables are energy state
E. and Mach number.

This subroutine has not been changed and is described in detail in

Reference 1.
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7.3.12 PARAMS Subroutine

PARAMS calculates airspeed and pressure parameters.

The initial angle of attack estimate for each aircraft trim calculation

has now been removed from this subroutine and added to the user defined
subroutine AERO.

7.3.13 ,,XMAN Subroutine

MAXMAN controls the calculation and output of the optimised
manoeuvrabilitv grid, using energy height Es and load factor or turn rate as
grid variables. Energy parameter (P5 , Ps/wf, PsV,/wf or Ps/V) is
optim.sed by varying Mach number, and a simFle Euler integration is performed at
each energy state to estimate a climb tme history.

This s-broutine has been modified to allow for the additional option cf
t:e energy parameter Ps'V and the option of a turn rate grid variable. The
modifications are labelled K5 and K8 in the program listing.

7.3.14 SEP Subroutine

SEP calculates the energy parameter Ps" P 'wf, PsVwf or S /-7

for the optimised zrid.

T"is subroutine has been largely rewritten. The calculation of P, has

beer improved and the subroutine now allows for the additional options
available. The modifications are labelled K3, K5, KS in the listing.

-.3.15 PiN'TA Subroutine

PICLTA provides output control for optimized performance calculations, in
a like manner to subroutine PIOUT.

This subroutine has also been modified to allow for the additional
options available. The modifications are labelled K3, K5, K8 in the program
list ing.

7.3.16 MONSEP Subroutine

MONSEP is a routine called by ROMIN to monitor the convergence of th,

energy parameter optimisation.

This routine has not been altered and is described in detail in
Reference I.
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7.4 Subroutine Library PILIB

This subroutine library is exactly the same as described in Reference I.

it contains routines for curve fitting and optim.sation which are explained in

detail within the program listing and are described very briefly here for
completeness.

7.4.1 SURF Subroutine

SURF takes spline fit information representing a surface stored in vector
form and provides at the grid point (x,y) the function z = f(x,y) and, if
requested, its Ist and 2nd order derivatives. The spline data represent knots

and B-spline coefficents for least square curve fits of z against x for discrete
values cf v.

7.4.2 CUFICS Sibroutine

CUFICS applies a least-squares cubic spline fit of B-spiines to weightej
data points with selected knots. In the present task, CUBICS is only required
to fit a simple cubic to four points; hence the fit is exact, all weights are

unity, and no external knots are required.

7.4.3 CHECKD Subroutine

CHECKD checks the validity of data supplied to subroutine CUBICS for
curve fitting.

7.4.4 SPDER3 Subroutine

SPDER3 evaluates the cubic spline f(x) and its first derivative df(>I/dx,

based on normalised B-spline coefficients and associated knot positions.

'7.4.5 ROMIN Subroutine

ROMIN finds the local minimum of an unconstrained function of n
variables.

7.5 Subroutine Library PAC21N

This subroutine library contains utility routines for use when the data
files provided are in ASCII tabular format.

7.5.1 PAC21N Subroutine

PAC21N is a new routine which has been added to read the relevant
information of a PACAM2 aircraft data file which consists basically of valuo of
military and after-burner thrust, fuel flow and ram drag stored in array fort
with Mach number and altitude as arguments. Aerodynamic data In the form of
drag coeffLcients and angle of attack are also read in using Mach number and

lift coefficient as arguments.
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Hence PAC2IN first reads in the number of altitude, Mach number and lift

coefficient arguments for which data will be read. The actual values of the
altitudes, Mach number and lift coefficient arguments are then read followed by

the maximum Mach number for each altitude argument and the maximum CL for each
Mach number argument. Tabulated values of military thrust, after-burner thrust,

military fuel flow, after-burner fuel flow, and intake momentum drag are ther,
read for the values of the altitude and Mach number arguments listed and entered

into array F via calls to TABIN.

Finally values of drag coefficient and angle of attack for the listed

values of the M and CL arguments are entered into array E via calls to TABIN.

7.5.2 TABIN Subroutine

TABIN transfers data into a nominated internal storage area from a
specified disk file. Although presentlv this file is in ASCII and has the

format of a PACAM ar-ratt data file (doubly dimensioned table), the adaptation
to a different tabulated format could be easily accomplished.

7.5.3 PACINT Subroutine

PACINT is a double linear interpolation routine. Given a variable (e.g.
thrust) that is tabu'ated as a fun:tlon of two independent arguments (e.g.
Mach number and altitude), a value for this variable at any set of entries is
determined by double linear interpolation between adjacent tabulated points.

7.5.4 FIND Subroutine

FIND will return the position, within a single dimensioned ordered array,
of the tabular argufent above the input variable.

7.5.5 DINTRP Subrou-ine

Given zal = fx 1, Y z12 = f(I, y
')

z = f(x", yl z22 = f(x,, y')

DINTRP will perform a double linear interpolation and return z = f(x,y).

7.5.6 PACDER Subroutine

For a variable z that is tabulated as a function of two independent
arguments x and y, PACDER determines a value for z and its derivatives with
respect to x and v a: any set of entries (x,y).

I
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SUBROUTINE THRUST

C WRITTEN BY VR ARL 1983.

C THRUST RETURNS FOR GIVEN HFICHT !MACH NO. -

C (1) WF -FUEL CONSUMP. ( TO PI THRU COMON 'BI

C (2) 0ILIM-MAX. MACH ALL.( ...
C (3) FN -NET THRUST ( ONLY TO AFRO,AEROMX THR' COMMON ',

C (4) FG -GROSS THRUST ( .. . .. ..

C (5) RD -RAM DRAG ( "

C MUST BE CALLED BEFORE EITHER AFRO OR AEROMY ARE CALLFn

PARAMETER NUMENC-1
CO"ON /B/ B(z00)
COMMON 11C/ C(200)
COMMON /FDATA/ F(2000)

COMM1ON /USER/ FN,FG,RD,CLT,CDALPHA,CDS
EOVIVALENCE 0 3,B( 3)),( HP,B( 4))( ,.,q( )Y,
I ( PLAB( 15)),
1 ( SREF,B( 16)),( WFB( 42,).( DI", (4 o ).

3 ( XMLIM,B( 61)).( IERR,B( 7))

EQUIVALENCE ( C.C(39))

C ORDER OF SPLINES IN F IS ASSL'UED TO BE -
C (I) NET THRUST-IN"T- (MACH,HFICHT) ILRF1
C (2) ENGINE RAM DRAG-IN-T- (MACH,HEIGHT) ILBF'.

C (2) FUEL CONS.-INT- (MACH,HEICHT) !LRM/HRI
c (4) NET THRUST-A/B- (MACH,HEIGHT) LBF]

(5) ENGINE RAM DRAG-A/B- (MACH,HEIC4T) ;LRF
1

C (6) FUEL CONS.-A/B- (MACH,HEICHT) ILBM/HRI

C CHECK IF A/B OR INTERMEDIATE POWER REOIUEST -
C IF NOT STOP WITH APPROPRIATE MESSAC7

NJ - 2

IF(ABS(PLA-200.).LE..0O) GOTo :o
IF(ABS(PLA-IO0.).LE...001) COTO 2n

TYPE 75 ,FLA
75 FORMAT(' CANNOT PROCESS ',F5.2,' % THRUST RrOU'FST YF

."
)

STOP

C A/B POWER SO READ THRU TO START OF A/B SPLINTES
10 DO Ii 1-1,3

NJ - NJ + F(NJ-1) 1 .no1

i I CO .NT INUE
C IF INTERMEDIATE POWER REOLIEST ALREADY AT START OF TNT PLINFS

C SET NOMINAL MACH :O. LIMIT
20 XMLIM - XSPMAX( F(NJ) )

C FIND NET THRUS,FN.
CALL SIRF(F(NJ),XY.HPFN,DI,D2,D3, IERR)

iF(IERR.,E.O) GOTO 900
FN - FN*NUMENG

C FIND RAM DRAG,RD.

NJ - NJ + F(NJ-I) + .001

CALL SURF(F(NJ), M,HP,RP,DI,D2,D3, IFRR)

IF(IERR.NE.O) COTO 900
RD - RD*NUHFNG
FG - FN + RD

C FIND FUEL CONSUMPTION,'vF.
NJ - NJ+F(NJ-I)+.001
CALL SURF(F(NJ),XM,HP,WF,D1,D2,D3,IERR)

IF(IERR.NE.0) COTO 900

W. - WF * N'JMENG

900 CONTINUE
RETURN
END

I i

FIG. 7.1 Example 1 of Subroutine THRUST
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SUBROUTINE THRUST
C WJRITTEN BY yR ARL MARCH 1983
C THRUST RETURNS FOR GIVEN HVIGHT /MACH NO.-
C (1) WV -FUEL CONSIP. ( TO PI T14RI COMMON /1;/
C (2) lUILIM-MAX. MACH ALL.( C" " .
C (3) FN -NET THRUST (ONLY To AERO.AFROMX THRU COMM'ON /ISPP/)
C (4) FC -GROSS THRUST " " " " "

C (5) DELTL-LIFT LOSS " " "

C (6) RD -RAM DRAG " "

C MUST BE CALLED BE.FORE EITHER AERO OR AEROMX ARE. CALLED

PARAMETER AJ - 6.38 !NOZZLF ARFEA (FT** 2)
REAL JVR,LRR.KI,K2
COtflION /B/ B(200)
CO*1lON /FDATA/ F(2000)
COt~tON /USER/ FN.FC,RD,CLT.CDALPHA.DFLTL.THiETAE,
I CLO. WALDA,K1,K2,CDO.CLCRITr,COS
EQUIVALENCE ( IIB( 3)),( 11,8( 4)).( RP,A( 6)),
1 (P .B( 7)),( AJN.R( 13)),

( SREF,B( 16)),( WF.B( 42)),( DIM.R(49 )
3 ( IOLIM,B( 61)).( IERR,R( 75))

C ORDER OF SPLINES IN F IS ASSUMED TO BE -

C (1) [NOR.'ALIZEDJ GROSS THRUST-COMBAT- (MACH,HFICHT)
C (2) fNORIIALIZED) FUEL CONS.-COMBAT- (MACH,HF1GHT1,

C (3) INORMALIZED] NET THRUST-COMRAT- (MACH,HF1C11T)
C (4) LIFTLOSS/FG RATIO (JVR,ANG OF NOZZLE DFF)
C POWER LEVEL FOR AIRCRAFT IS ASSUMED TO ALWAYS 9E COMBAT.

C CALCULATE NORMALIZING FAC7ORS - PDPO - PIPO, 701 /-70T
PDPO -P/2116.22
TOT T17288.15

C SET NOMIN~AL MACH NO. LIMT'
XN!LIM - XSPMAX( F(2)

C FIND GROSS THRUST FC FROMq SPLINT THEN UN-NORN"ALISE.
NJ -
CALL S'JRF( F(I:J),'..HP,FG.D1l.D2,D3, :ERR)

.F(IRR.N.0)GOTO 900
*FG*PDPO

C FIND FUEL CONSUFTION WF FROM srLUNE THEN 1UN-NORMALISF

NJ - 'NJ -F (NJ -)1-001

CALL SUR F( F( J) , X, if,WF, a ,C2, D3, IER R
,F(IERR.NTE.O) GOTO 900
'.'F WF*PDPO*SORT(TOYTO)

C FINDl NET TH1RUST FROM SPLINT THEN UN-NOPMALISEF!N.
NJ - NJ+F(NJ-1)+.OO1
CALL SURF(F(NJ),)D1.HPF\N,D1,D2,D3, IERR)

I1(IERR.NE.O) GOTO 900
FN - FN*PDPO

C CALCULATE RAM DRAG RD

RD - FG - FN

C FIND LIFT LOSS RATIO(LRIR) 5 CALCULATE LIFT LOSS(DELTL)
DELTL - 0.0
IF(XM.LT. IE-.4) GOTO 900

j MiJ + F(N4J-1) +.001
JVR -SORT((FC*SREF)/(Z.o*orM*AJ)) !JET VEL. RATIO
JVR - AMINI(JVR,XSPMAX( F(NJ) )
AJN 1-AM IN 1( AiMYSPMAX( F( Ni)))

CALL SJRF(F(NJ),JVR,AJN1,LRR,D1,D02,03,IRR)
IF(IERR.NE.O) GOTO 900
DELTL - LRR *FG

900 CONTINUE
RETURN
END

FIG. 7.2 Examnple 2 of Subroutine THRUST
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SUBROUTEINE THRUST
C THRUST RETURNS FOR CIVEN HEI(7HT IMACH NO.-
C (1 WY -FUEL CONSUMP. ( TO P1 THRU COMMON /8/
C (2' XMLIM-MAX. MACH ALL.( ("" 131

C (3) PH -NET THRUST (ONLY TO AERO,AEROMX THRU COMMO4N /USPR/)

C (IC1 PC -CROSS THRUST (' " " "

C k5) RD -RAM DRAG
1: (6) IXM -INDEX S.T. VMARC(IXM1) < Q4 <- VMAR.(IXCM)

C 'liST BE CALLED BEFORE EITHER AERO OR AFROMX ARE CALLED

COMMNON /B/ B(Z00)
COMMON /PDATA/ F(2000)

COMMON /USER/ U(10)
DIMENSION HARC(20). VMARtC(20O), VMTOP(20O)

EQUIVALENCE ( 10l,B( 3)).( T, S( 4)),( HP,B( 6)),
1 (P ,B( 7)),( AJN,B( 13)),( PLA.B( 15)),

3 ( IGLIM,B( 61)),( IERRB( 75))

EOUIVALENCE IF'N.t( 1)).( PC.U( 2)),( RD,UL( 3)),
C IXM. U( 1f))

EOUIVALENCE (NA.P(1 )),( NM,F( 2)),( HARC,F( 3)),
1( VKARC,P(23)),( VMTOP,F(43))

FI.\'TRP(.X,YI,XZ,.Y2)-Y1.(X-Xl)*(Y2-Y1)/(X2-X1)

Z ASSUME.S A PACA!12 A!C DATA PILE.

-ASSUMES F CONTAINS -

c (1) NA -NO. OP ALTITUDE ARCS
c (I) 11M -NO. OF MACH ARCS

c (3) HARG -ARRAY OP ALTITUDE ARCS
c (4) VMARG -ARRAY OP MACH ARCS

C (5) VMTOP -ARRAY OP MAX MACH( ALT)
(6) THR14P -TABLE OF MIL. THRUST(MACII,ALT'

c (7) THRAB -TABLE OF A/B THRUST (MACH. ALT)
C (9) D I N! -T AB8LF OF RAM DRAC(MACH,AL7)

(9) POMF -TABLE OF 1IL. FUL' CONS. (MACI ALT~
(1,))FCAR -TA.BLE OF A/3 FUEL CONS. (MACP,ALT)

I :N'D DD:JM34P
CALL FIND( !MARC.NM,X,, !\-I)
CALL FIND(HA\RG.NA.HP,ZHP)

2FIN'D MAN MACIA NO. FOR THIS LTITt'DE
\-.LlM - FINT7RP(HP.KARC( IHp-t 3,VMTOP( fiP-i ),IIARG'( 14P
1 V'trOP( imp))

C FIND GROSS THRUST :FC
NJ - 63 !POINTER TO CL"RPFT7 TABLE TN F
FCMIL - ACINTT(oLM.PvMARG,HARC.F(N.J),II-',IH)',N*,NA)
NJ - NJ - NA-NM
IF(PU.CT(.100.) COTO 10

C INTERPOLATE FROM 0 TO MIL POWER RATING
PC - PINTRP(PLA,O. ,0.,100. ,PCMIL)
COTO 20

C INTERPOLATE BETWEEN MIL POWER & A/B POWER
10 FCALB - PACIN:T(IC,HP,VMAR,ARC,F(NJ),IXIIPNM,NA)

FC - FINTRP(PLA,100.,FP IIL,200.,FAB)

C FIND RAM DRAG - rNTAKE MOMENTUM DRAG
210 N1J - NJ - NA*NM

RD) - PACINT(10I.HP.VMARC,HARC,F(NJ) ,IXM, IHP,NM,NA)

C CALCULATE NET THRUST :FN
FN - FG - RD

C FIND FUEL CDNSUMPTION UF
NJ - NJ + NA*NM
wFMIL - PACINT(Xfl,HP,VMAG,AR,F(NJ),IXMIIIP,NMNA)
IYPLA.(77. 100.) GOTO 50

C INTERPOLATE BETWEEN 0 & NIL POWER

A UP - FINTrRP(PLA,O.,0.,100.,WFMIL)
COITO 100

C INTERPOLATE BETWEEN MI. POWER & A/B POWER

50 NJ - NJ + NA*NM
WPAB - PACINT(Ol,HP,VMARC.HARC,F(NJ) ,IX'M,, .. \A)

WY - FPNTRP(PLA,100..WFYMIL.200.,WFAR)
C
100 RETURN

END

FIG. 7.3 Example 3 of Subroutine THRUST
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SUBROUTINE AEROMX
C

C AEROMX FINDS FOR A GIVEN HEIGHT & MACH NO.
C (1) CLKAX
C (2) ALPMAX - ALPHA CORRESPONDING TO CLMAX
C (3) TLMAX -TOTAL LIFT CORRESPONDING TO CLMAX
C (4) CDS -STORE DRAG COEF.( PASSED THRU /USER/ TO AFRO)
C AEROMX ASSUMES A CALL HAS BEEN MADE TO THRUST PRIOR TO ITS CALLINr.
C AEROMX MUST BE CALLED BEFORE AERO IS CALLED FOR THAT PARTICULAR HFI(1T/
C MACH NO. COMBINATION.
C VR ARL APRIL 1983

C ASSUMES ORDER OF SPLINE FITS IN F IS -
C (1) CL(ALPHAMACH)

C (2) CLMAX(MACH)
C (3) CDL(CLMACH)
C (4) CDO(MACH)

COMMON /B/ B(200)
COMMON /C/ C(200)
COMMON /EDATA/ E(2000)
COMMON /USER/ FTN,FC,RD,CLT,CD,ALPNA,CDO,CDS
DIMENSION 0tDCDS(20), DELCDS(20)
EQUIVALENCE (RADIAN,C( 40))
EQUIVALENCE ( GN,B( 2)),( .X,3( 3)),( THFTAI,R( 13)),

( W,B( 17)),( EFFT,B(41)),

1 ( D,B( 43)),( CLMAX,B( 44)),
2 (ALPMAX,B( 45)),( TLMAX,B( 4P)),( DIM,B( 49)),
3( IERR,B( 75)),( NDCDS,R( 80)),(XMDCDS,B( 81)),(DELGDS,B(101))

FINTRP(X,XI,Y1,X2,Y2) - Y1 - (X-X1) * (Y2-Y1) / (X2-Xl)

C FIND CLMAX FROM 2ND SPLINE FIT IN E

IERR - 0 IRES'FT IFRR
NJ -E(1)+2.0001 !NJ POINTS 1 2ND SPLINF IN E
X - AMAXI(XXSPMIN( E(NJ) ))
Y-O

CALL SURF(E(NJ),X,Y,CL.'AX,D1,D2,D2,1ERR) !CFT CLMAX FOR MACP Y
IF(IERR.NE.0) COTO 30

C FIND CDO FROM 4TH SPLINT. IN E
NJ-NJ+E(NJ- )+.001
NJ-NJ+E(NJ-i)+.001 !Nj POIN'TS TO 4Tni SPLINF IN F
X-AKAXI (XM. XMSPMIN(E(NJ)))

Y-O
CALL SURF(E(NJ),X.Y,CDO, DI,D2,D3,IERR) !CET CPO FOR MACP Y

C FIND ALPHA CORRESPONDING 70 CU - CLMAX
CLT - CLMAX

CALL GETALF
ALPMAX - ALPHA

C CALCULATE TLMAX : LIFT CORRESPONDING TO CLMAX
TLMAX - FG*SIND(ALPMAX) + CLMAX*DIM

30 CrnTINUE

C FIND STORE DRAG

CDS - 0.
IF (NDCDS.EO.O) COTO 900

IF (1C.LE.XMDCDS(1)) CDS - DELCDS(I)
IF ()(.CE.IEDCDS(NDCDS)) CDS - DELCDq(NPCDS)
IF (XM.LE.XMlDCDS(I) .OR. XM.(EKI1DDS(NDCDS)) GOTO 540
DO 450 I-2,NDCDS

450 IF (1O.LE.I(tDCDS(I)) GOTO 500
IERR - 104
COTO 900

500 M -I-I
CDS - FINTRP (XMI, 1mDCDS(IM), DELCDS(IM), XMDrDS(I), DELCS(I))

540 CDS - COS * 1.OE-04

900 CONTINUE
RETURN
END

FIG. 7.4 Example of Subroutine AEROMX
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SUBROUTINE GETALF

C FINDS ALPHA FOR GIVEN CLT IN /USER/ AND X0 IN /B/
C

COMMON /EDATA/ E(2000)
COPON /B/ B(200)
COMMON /USER/ FNFG,RD,CLT,CD,ALPHA,CDO,CDS
EQUIVALENCE (XM ,B( 3)),( IERR,B( 75))

C USE N/R TO FIND FROM CL(ALPHA,MACH) -THE IST SPLINE FIT IN E -
C THE ALPHA CORRESPONDING TO CL.

ALPHA = CLT /.09 IhEP. DET BEST IST ESTIMATE
NJ a 2 INJ POINTS TO IST SPLINE IN E
ASPMAX=XSPMAX(E(NJ))
YM - AMAX1(XM,YSPMIN( E(NJ) ))
DO 20 I1,20

IERR - IDERIVATIVES REQUIRED
A - AMIN1(ASPMAX,ALPHA)
CALL SURF(E(NJ),A,YM,CL,DCDA,D2,D3,IERR)
IF(IERR.NE.O) GOTO 21
CL = CL.(ALPHA-A)ODCDA !EXTRAPOLATE OUTSIDE RANGE
FA = CL-CLT

IF(ABS(FA).LT.1E-) GOTO 25 IEXIT AS CLOSE ENOUGH
ALPHA z ALPHA - FA/DCDA

20 CONTINUE
21 IERR = 102 IDID NOT CONVERGE IN 20 ITER.
25 RETURN

END

FIG. 7.5 Example of Subroutine GETALF
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SUBROUTINE AERO

C AERO ROUTINE RETURNS FOR GIVEN LOAD FACTOR /HEIGHT /MACH NO. -
C (1) O - DRAG

C (2) EFFT - EFFECTIVE THRUST
C AERO ASSUMES AEROMX HAS PREVIOUSLY BEEN CALLED TO SET UP VARIABLES DEPENDING ONLY ON
C GIVEN HEIGHT/MACH NO.
C SIMILAIRLY IT ASSUMES THRUST HAS SET UP PROPULSION ASSOCIATTED VAR FOR THE
C GIVEN HEIGHT /MACH NO.

C ASSUMES ORDER OF SPLINE FITS IN E IS -
C (1) CL(ALPHAMACH)

COMMON /B/ B(200)
COMMON /C/ C(200)
COMMON /EDATA/ E(2000)
COMMON /USER/ FN,FG,RD,CLT,CD,ALPHA,CDO,CDS
DIMENSION XMDCDS(20), DELCDS(20)
EQUIVALENCE (RADIAN.C( 40))
EQUIVALENCE ( GN,B( 2)),( XMB( 3)),(THETAIB( 13)),
1 ( W,B( 17)),( EFFT,B( 41)),

1 ( D,B(43 )),( CLMAX,B( 44)),
2 ( TLMAX,B( 48)),( DIM,B( 49)),( IERR,B( 75)),
3 C NDCDS,B( 80)),(XMDCDS,B( 81)),(DELCDS,B(101))

FINTRP(X,X1,Y1,X2,Y2) Y1 . (X-X1) 0 (Y2-Yl) I (X2-XI)

C FIND TRIMMED ANGLE OF ATTACK & CL FOR GIVEN HIEGHT,MACH & LOAD FACTOR.

C FIND CL TRIM (CLT) & ALPHA USING NIR ,ITERATING ON ALPHA
71 = GNOW !TEMP. VAR T SAVE CALC.
IF(XM.GE.0.0) 0OTO 110
IERR = 103

OTO 900
110 :.4 = 2 !POINTS TO :ST SPLINE

DCLDA = 0.0o IESTIMATE FROM GRAPH
ALPHA z TI / FG/RADIAN * DIMODCLDA ) IINITIAL -ST.
ASPMAX = XSPMAX( E(NJ)
DO 120 :=1,10

IERR . -1 !REQUIRE SPLINE DERIVS
A = AMIN1(ASPMAX,ALPHA)
CALL SURF(E(NJ),A,YM,CLT,DCLDA,D2,D3,IERR)
:F(IERR.NE.O) GOTO 900
CLT = CLT-(ALPHA-A)ODCLDA ILINEAR EXTRAPOLATION
DFDA DIMODCLDA . FG*COSD(ALPHA)/RADIAN
F = FGOSIND(ALPHA) . CLT*DIM - TI

DALF = F/DFDA
IF(ABS(DALF).LT.O.001) 0OTO 200 !EXIT AS CLOSE ENOUGH
ALPHA = ALPHA - DALF

120 CONTINUE
IERR = 102 MORE THAN 20 ITERATIONS
GOTO 900

C CALCULATE EFFT - EFFECTIVE THRUST
200 EFFT z FG*COSD(ALPHA)-RD

C CALCULATE CD & THEN D
CALL GETCD
O = O * DIM

900 CONTINUE
RETURN I RETURN NORMALLY
END

FIG. 7.6 Example of Subroutine AERO.
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SUBROUTINE GETCD

C ROUTINE TO CALCULATE CD GIVEN CLT & XM AND A PRIOR CALL TO 4EROMX.

COMMON /USER/ FN,FG,RD,CLTCD,ALPHA,DELT.L,THETAE,
1 CLO,DCLDA,K1,K2,CDO,CLCRIT,CDS
REAL K1,K2

C CALCULATE DRAG COEFF
IF(CLC,.LE.CLCRIT) CDL (CDO.K7ICLT*CLT)
IF(CLT.CT,.CLCRIT) CDL *(,:DO+(K1-K2)*CLCRITOCLCRIT

I -.K2*CLT*CLT)

C CALCULATE TOTAL DRAG
CD =CDL . COS
CONTI NUE
RETURN
END

FIG.T7.- xam~1e Iof Subroutine GETCD

SUBROUTI$E r7,FC

Z CALCULATES -D :CDL-CD)OCZ; Fr7R -.IEN :L: MACH.
C ASZ3UMES CDLCL.MACH, :.- -HE Rl) :CPLNE :N

COMMON /EDATA/ 7E{2000
,OMMCN B/ B(,1001

XMMON USER ~.RUZ.LHD.D
EQUIVALENCE RJ4,5 3))., IERR,Bi ~f
4J E(11 - .0
NJ NJ . E(Nj-fl . .10, 1 I'S TO !,RD SPLINE IN E
XCLT . AMINI(7,T.XSPMAX(EN;)
YM - AMAX1(XM,YSPM1NW E(N.))
IERR . 1 ?DERIVATIVE REQUIRED
CALL SURF(E(Nj' ,XCL-.YMCDL.DCDDCL,D2,13,IERRt)
IF(IERR.NE.0) GOTO 900
CDL *CDL-(CL-XC.T)*DCDDCL ILINEAR ZXTPAPOLATION
CD *COO - CDL * ^05

900 CONTINUE
RETURN
END

FIG. 7.8 Examiple 2 of Subroutine GETCD
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SUBROUTINE GETCDA
C
C RETURNS CD & ALPHA FOR GIVEN XM & CL.
C

CALL GETALF
CALL QETCD
RETURN
END

FIG. 7.9 Example of Subroutine GETCDA

SUBROUTINE GETCDCL

C RETURNS CD & CL FOR GIVEN MACH & ALPHA.

COMMON /EDATA/ E(2000)

COMMON /B/ B(200)
COMMON /USER/ FN,FG,RD,CLT ,CDALPHA.DELTL, THETAE.CDDIFF, CDS
ECUIVALENCE ( XM,B( 3)),( IERR,B( 7))

NJ = 2
YM = A AX1(XMYSPHIN( E(NJ))
CALL SURF(E(NJ).ALPHA,YM,CLT,DI,D2,D 3.IER )
IF(IERR.NE.0) RETURN

CALL GETCD

RETURN
END

FIG. 7.10 Example 1 of Subroutine GETCDCL

SUBROUTINE GETCDCL

C RETURNS CLT & CD FOR GIVEN VALUES OF MACH & ALPHA.
C ASSUMES PRIOR CALL TO AEROMX.

COMMION /USER/ FN,FG,RD,CLTCDALPHA,DELTLTHETAE,
1 CLO.DCLDA,K1,K2,CDO,CLCRIT,CDS
REAL KI,K2

C CALCULATE TRIMMED CL
CLT z DCLDA*ALPHA * CLO

C CALCULATE CD
CALL GETCD
RETURN
END

FIG. 7.11 Example 2 of Subroutine GETCDCL
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FUNCTION XSPMIN(SPL)

C
C RETURNS LOWER BOUND OF SPLINE FIT SPL 'S X RANGE

DIMENSION SPL(1)

NC = SPL(2) + .001
XSPMIN = SPL(NC.3)

RETURN
END

FUNCTION XSPMAX(SPL)

C RETURNS UPPER BOUND OF SPLZNE FIT SPL'S X RANGE.
DIMENSION SPL(1)

NC z SPL(2) . .001

XSPMAX = SPL(NC2)
RETURN
END

FUNCTION YSPMIN(SPL)
C
C RETURNS LOWER BOUND OF SPLINE FIT SPL'S Y RANGE.

DIMENSION SPL(1)

YSPMIN z SPL(3)
RETURN
END

FUNCTION YSPMAX(SPL)
C
C RETURNS UPPER BOUND OF SPLINI FIT SFL'S Y RANGE.

DIMENSION SPL(1)

NC z ZPL(2) . .001
YSPMAX SPL(NC+2)
RETUR1N
END

FIG. 7.12 Useful Functions used in ACRAFT
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8. PROGRAM P2V2 DESCRIPTION

8.1 Loading of Program on DEC System-1O

The commands for loading program P2V2 and saving a core image on disk on
DEC system-l0 are:

LOAD P2V2, P24LIB/SEARCH
SAVE P2V2

The routines contained in each of these files are listed in the
following table and described briefly in this chapter.

P2V2 MAIN P21N INMMD PSCON PDSIFF
RATEI SEPCON RATE2 MMP GRID

P24LIB INTRP BADINP INLAB PLTLAB UNITS WRLAB

8.2 File P2V2 (P2 Version 2)

Most subroutines contained in this file have been extensively rewritten.
Their purpose is described here and further details are available in the source
program listing which is extensively documented.

8.2.1 P2 MAIN Program

P2V2 processes data files prepared for a particular aircraft by program
ACRAFT and produces either plotter files ready for submission to the off line
plot queue or output files to be further processed by the contour plotting
program P4V2.

Plotter files (named P2.PLT) are produced by options 4B, 4C and 4Z.
The output file P24A1.CON is produced by option 4A and the output files
P24A1.CON, P24A2.CON and P24DIF.CON are created by option 4D. Option 4G creates

the file P24G.CON. All these output files (.CON) are used as input files to the
contour plotting program P4V2.

The main program has been modified mainly to cater for the additional
option 4G. The Modifications are labelled KI and K4 in the source prograr.
listing.

8.2.2 P21N Subroutine

P2IN is called by the main program to process the aircraft identification
header on the input file and requests an option code for the type of run. An
error halt is forced if the 8000 words allocated for vector WORK are
insufficient to accommodate the data required by the input grid. It is the
user's responsibility to ensure that the option requested is consistent with the
purpose for which program ACRAFT produced the data.

This subroutine has been modified to allow for the additional option 4G
which plots contours of the energy parameter on a Mach number, turn rate (or

loa2 factor) grid.
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8.2.3 INMDC Subroutine

Subroutine IN.WD is called by subroutine P21N. It performs a

conversational dialogue with the user to accept text, grid data and
configuration parameters for on-line provision of maximum manoeuvre diagram
data.

It is still in its original condition as described in Reference 1.

8.2.4 PSCON Subroutine

Subroutine PSCON is called from the main program when IOPT=I (Option 4A).
PSCON reads data files produced by program ACRAFT, expressed on a load factor

(or turn rate), Math number grid for each pressure height requested, and

preFares a disk file P.AI .CON where the energy parameter is expressed on a
(Malh number, altitude grid for each of the requested load factor or trn rate
grid points. P2.Al.CCN will then be ustd as the input file when running P4V2 to
produce contour plots.

In addition this subroutine now calculates the lift limit boundary by

working out for each Mach number the height at which the load factor (or
turnrate) corresponding to the maximum lift coefficient is equal to the

requested load factor (or turn rate).

This subroutine has been largely rewritten. The wdifications are

labelled K2,K4 in the program listing.

8.2.5 PSDIFF Subroutine

Subroutine PSDIFF is called from the main program when IOPT-4(Option 4D).

PSDIFF performs the functions of PSCON with two separate files produced by

ACRAFT. Subroutine PSDIFF produces three data files, P24AI.CON, P24A2.CON and
P24DIF.CON (one for each aircraft and the differential data) any of which can
then be processed by program P4V2.

This subroutine has only been slightly changed and is described in

Reference I. The modifications are labelled K2,K4 in the program listing.

8.2.6 RATEl Subroutine

Subroutine RATE1 is called from the main program when IOPT=2(option 4F'.

RATE! reads data produced by program ACRAFT expressed as energy parameter versu
turn rate (or load factor) for a range of altitudes (pressure height or energy

height) and Mach numbers, and prepares a plotter file P2.PLT ready for plotting.
A separate plotter page is produced for each value of the altitude variable.

This subroutine has been slightly changed to allow for the choice of load
factor as the x axis. The modifications are labelled K4 in the program listing.
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8.2.7 SEPCON Subroutine

Subroutine SEPCON is called from the main program when IOPT--8(option 4G).

SEPCON reads data files produced by program ACRAFT, expressed on a turn rate (or

load factor), Mach number grid for each pressure heights requested and prepares

a file P242.CON where the energy" parameter is expressed on a Mach number, turn

rate '(or lcao factor, grid for each of the requested heights. P24C.CON w-",

be input to program P4V2 to produce contour plots.

In addition this subroutine also transmits to P24G.CON the lift limit

boundaries calculated in program ACRAFT.

This subroutine was entirely rewritten for Version 2.

8.2.8 FA TE2 Subroutlne

Subrout:ne RATF- is cal e from the main program when '0PT=3(opt ion 4C.

RATE2 reads data produced by program ACRAFT representing the optimum

energy parameter and corresponding turr. rate (or load factor) for a range of

energy states and load factors (or turn rates). RATE2 then prepares the plotter

file P2.,PLT ready for plotting.

This subroutine has been entirely rewritten for Version 2. Previously

(Version 1) it was necessary to run P4 to obtain these plots. It is now
possible (and more accurate) to create the plotter file directly from P2V2

because of the alternative turn rate grid variable.

8.2.9 MNP Subroutine

Subroutine MM.P is called by the main program when IOPT=6 (Option 4F).

MMP is a conversational routine to assist in calculating data for the

Maximum Manoeuvre Persistance Diagram. Fuel available for optimum manoeuvres at

discrete range intervals, together with energy state, maximum sustained turn
rate and fuel flow, are requested as terminal input, and the number of sustained
turns at each range is providee as terminal output.

This subroutine has nt been modified in Version 2 and is described fullv

in Reference 1.

8.2.1n GRID Subroutine

Subroutine GRID is called by the main program when IOPT = 7 (Option 'Z'.

GRID reads the data files produced by program ACRAFT, expressed on a Ma h
number, load factor (or turn rate) grid for each height requested and prepares a

disk file P2.PLT for plotting. Turn. rate (or load factor) and energy parameter

are plotted against Mach number for each load factor (or turn rate) requested.
A separate page of plots is produced for each, value of the height variable
(energy height or pressure height).

These plots are intended as a- overview of the data grid and are produced with a

predetermined scale.

This hr.urint ha, hte- n,dlfivd to allow for the additlional option of
, 'g load fa eto r , .r-- rate a, -n'I of the wrd varia"Ies. The

m rra ; - a-- :C,. [, r- a.- I} r g a i St
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8.3 Subroutine Library P24LIB

PL15 ccntalns a number of sma:! utility subroutines. Most of these

subroutines have been slight v modified in Version 2 mainlv to cater for the

extra .ormation being presented. The mDificat'ions are lae~led K3 and K5 in

the program listing.

8.3.1 INTRP and BADINP Subroutines

Routine INTRP (numerical interpolation) and routine BADINP (input error

text' are obtained from the file PlV2 and are described in Chapter 7.

8.3.2 INLA_ subrout ine

, L.F is called from subroutine PSDIFF to read an a'phanimeric

identiv rnc header frorr an .nput d 1sk f i.e produced by program ACRAFT.

8.3.3 PLLA? Subroutine

PTLAB outputs the identifvin$ header read by INLAB to a plotter file.

8.3.4 UNITS Subroutine

UNITS is called by P21N to allocate text strings to variables for use in

terminal dialogue and plotter axis labelling, dependent on the unit system and

the energy variable selected.

8.3.5 WRLAF Subroutine

WRLAB writes the descriptive header read by INIAB onto an output disk

file to be used as input program P4V2.

-A'.



9. PROGR-A- P4V2 D-ESCRIPTION

9.1 LoadinF of F:-ograr. on, DEC Ssel

rhe _c~~i f crdng prcoran F.V and savi6ng a cr reor:.s~ n

DEC sytm Care:

T OAD P4%*-', P'LIFE SEARCH, P24 LT B!SEARCH

*SAVE P.V2

The ro-ut ine conta.'ined in th-ese f.:ec are listed in the following table
acdescrlbe4 in ttis ChIagter.

0, TXT PL C TD G;,I D C B 1ND ETSENDL P-LlF CONT DIAG SMX)CH P R 71FT RE AL IN DASH

F2LlB INTRP BADINP IKLAB PLTI.AB UN ITS

9 .2 Fi1le PAV2

Most rou' 3*ne s cont a Ined in th is f ilIe have bee n re rrte and
rewri1tten . Their puirpose is described h1ere and further ipetai> ire avai ab l in.
the sourc e progr am i s t Ing wh ich is ex ten s ively doumeted.

Q .2 1 P4 M!AIN Program

The program. PAV?,* procezsses data f:Ies pcue yp ra ?V and
Tro3 ues contour plots for off linE T: t ing, The- co07.tour ptS on fd 1 . L
a-e of t67c: tv pes:

(1) Contn--r5 of en-rc~w param-wt'er on a Mach n,;rnhr, alt itude (-)r en.trc:\ statte

gri 7 f _ Ior selIec t ed l oade f ac ,c rs 'ri o: .'A anrd A~

(~Cr-7tonrs of e-ergv parameter o-n a Mach nu7nhEr, turnra,,t (or load facr)

Fri for see e hctst c ,C K)

The brief mac program perf.-rms 7-teiirninarv input operations arnd ca'ls
rc;tn P-PSA if or'ion 4A (or AD- is se-lected and routine P4PS5AG if option 4,:

st' et~ pe.

.2. c~. S~r 1 ne

S~hnutne -.FAAis; called fr07 the macn, progra- when options 4A or A-D
a rt z sl:,d us, th . i nput data f enam.? to d ifferent iate betwee. requests

f- in 7 :r 1raf or cor?.rr on F plot.



P4PS4A controls the conversational dialogue which allows the user to vary

several features of the plots: scale of plots, number and level of contours,

selection of load factors (or turn rate), smoothness of plots, inclusion of

energy state contours.

P4PS4A also controls the setting up and plotting of identifying text and

axes, the reading of grid data and boundary points from file P24A.CON, the

plotting of energy rate contours together with the lift limit boundary and the

plotting of the superimposed energy state contours

9.2.3 P4PS4G Subroutine

Subroutine P4PS4G is called from the main program when option 4G is

chosen.

P-PS4G controls the conversational dialogue which allows the user to vary

several features of the plots: scale of plots, number and level of contours,

selection of heights (or energy states), smoothness of plots, inclusion of load

factor and turn radius grid (if the grid selected is turn rate).

P4PS4G also controls the reading of grid data and boundary points from

file P24G.CON, the plotting of energy rate contours together with the lift limit

boundary, and the plotting of the superimposed constant load factor lines and

structural load factor boundary when turn rate has been selected as a grid

variable. Only the points within the lift limit boundary are plotted whereas

contours outside the structural limit boundaries are drawn with a dashed line.

9.2.4 BOUND Subroutine

Subroutine BOUND is called by subroutine P4PS4A or P4PS4G to plot the

lift limit boundary line and label the end of the line.

9.2.5 ETSBND Subroutine

Subroutine ETSBND is called by subroutine P4PS4G to plot and label the

line corresponding to the structural load factor limit on a (Mach number, turn

rate) grid.

9.2.6 GRIDC Subroutine

Subroutine GRIDC is called by subroutine P4PS4G. It controls the

plotting of lines of constant load factor and lines of constant turn radius on a

(Mach number, turn rate) grid.

9.2.7 PCON Subroutine

Subroutine PCON is called by subroutines P4PS4A or P4PS4G to control

calls to the software routine PLOT. Plotting is achieved by calls to PLOTD

(P4V2) for straight lines between points or calls to SMOOTH (P4LIB) for

cubic arcs between points.

9.2.8 PES Subroutine

Subroutine PES is called by subroutine P4PS4A to control the plotting of

Es contours by calling either PLOTD or SMOOTH for straight line or smoothed

plots, respectively.
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9.2.9 PLOTD Subroutine

PLOTD is a interface routine for the CALCOMP software routine PLOT. This
routine has been transfered from Version 1.

9.2.10 OVTXT Subroutine

Subroutine OITXT is called by PCON at the start of a contour line to
output the contour level on the plotter.

This subroutine was derived from Version 1.

Q.3 Subroutine Librarv P4LIB

Most subroutines put together in P4LIB were taken from a set of general
purpose librarv routines available to all ARL staff. These routines are
outlined brief'v below but more details are available in Reference 1.

9.3.1 CONT Subroutine

Subroutine CONT is called by P4PS4A or P4PS4G to draw contour lines for a
variable stored in a two dimensional array (i.e. Ps(M,H)).

9.3.2 DIAG Subroutine

DIAG is a routine called by CONT to interpolate along a mesh diagonal

using a simple biquadratic representation of the mesh.

9.3.3 SMOOTH Subroutine

SMOOTH is a routine which smooths the contour plots by joining successive
points on the contour with cubic arcs having tangential coincidence at their
coron points (knots). The tangential slope is set equal to the mean of the

slopes of the straight lines that would otherwise join points on either side of
the knot. Whet smoothing is selected, an additional call to SMOOTH is required
to complete the current contour before proceeding to the next contour request.

9.3.4 PROMPT Subroutine

PROMPT is a routine called bv SMOOTH and REALIN which writes a text on

the user's terrinal.

Q.3.5 REALIN Subroutine

REALIN; is a routine called bv SMOOTH to accept real numerical data from
the user's terminal.

9.3.6 DASH Subroutine

DASH is a new subroutine called by subroutine PLOTD (P4V2) to plot a
dashed line between two points.

Q.4 Subroutine Library P24LIB

This library has been described in Paragraph 8.3.
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10. EXAMPLES

The previous chapters have discussed the three programs in the suite.
This chapter presents examples of the interactive dialogue used when running the
programs, and of the tabular outputs and plots produced when using the programs
in a co-ordinated fashion. Any given aircraft is represented by files of
propulsion, aerodynamic and configuration data, together with the source and
core image of the FORTRAN programs. A suitable naming convention is required to
provide efficient housekeeping of these files. These files can be stored on DEC
tape, since changes to one or more files will be needed as data banks and
programs are developed.

10.1 Optior 4A

This option corresponds to the options 1, 6, 15 and 20 in the overview on
2.2.

Figure 10.1 shows a sample dialogue when running the three programs
ACRAFT, P2V2, P4V2 to produce a set of SEP (Ps) contours plots for specified
load factors (option 1 in Figure 2.2). Program ACRAFT produces a file
(EXA.MPL.TXT) for printing and a file (EXAMPL.NUM) for input to program P2V2.

Figure 10.2 shows a portion of the file EXAMPL.TXT and illustrates the

main features of the listed output. The header page identifies the run and
echoes the configuration data supplied in the configuration file. In the
subsequent pages energy rate and turn rate data are tabulated at each grid
point. Also listed for each Mach number are the turn rate and load factor
corresponding to the lift limit boundary. Energy rate values outside the lift
limited er.:elope are flagged with the values of -9999.99.

The Ig load factor SEP contour plot produced using the dialogue in Figure
10.1 is shown in Figure 10.3. Contours are labelled with a number indicating
the value of the parameter plotted, as shown on the right hand side of the plot.
The zero SEP contour is emphasised by a dashed line. Superimposed on the plot

are contours of constant energy state.

Figure 10.4 illustrates a similar dialogue to obtain contours of
PsV/wf for specified turn rates (option 6 in Figure 2.2) with an extract of
the Lcrresponding output shown in Figure 10.5 and a typical plot shown on

Figure 10.6.

10.2 Option 4B

This option corresponds to the options 2, 7, 16, 21 in the overview of

Fig~re 2.2.

Figure 10.7 shows a typical dialogue for producing plots of SEP versus
turn rate for lines of constant Mach number using the two programs ACRAFT and
P2V2 (option 2 in Figure 2.2). A load factor increment of 0.5 was chosen to
pr'.'ide a smooth curve when the values are plotted. The Mach number and
altitude selected for the plots are nominated when running P2V2.

Figure 10.8 shows an example of such a plot where each curve plotted i-

id'ntified with Mach number and energv state annotation.
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10.3 Option 4C

This option corresponds to the options 11 and 13 in the overview of

Figure 2.2.

Figure 10.9 shows a typical dialogue when running the two programs ACRAFT

and P2V2 for producing a maximum manoeuvre diagram where PS is optimised with

respect to Mach number and plotted against energy state Es for selected values

of load factor.

An extract of the output file produced is shown in Figure 10.10 and the

corresponding plot in Figure 10.11. To understand the meaning of the data

produced a summary of the theory used may be useful.

By deflinition - S
dt

tereiore the time to climb from one energy state Es1 to another Es- is:

t Es2 I

Fs -
J £1

If we look at a Ig Ps contour plots (Figure 10.3) it can be shown

theoretically (Reference 4) that the optimum climb for minimum time will be the

locus of the points at which the lines of constant E. and the lines of

constant Ps have common tangents. On the output file shown in Figure 10.10

the Ig load factor points provide the profile for a minimum time climb which

could be drawn on Figure 10.3. The output file also provides for each energy

state and load factor the fuel flow corresponding to the Mach number and

altitude which optimises Ps. The right hand side load factor column provides

optimum sustained turn conditions which are used in maximum manoeuvre

persistence calculations. Also indicated at each energy state are the time to

climb, fuel used in the climb and range obtained by integration from the initial

energy state. (More details are available in Reference 1).

Figures 10.12, 10.13 and 10.14 show a similar run but with lines of

constant turn rate. In a similar fashion the amount of fuel used to climb from

energy state ES! to another E . is:

W",q- t = t-f dE s

and option 4C can be run with Ps/wf as the energy parameter to provide the

v optimam climb fo7 minimnim fuel used, which can then be used in conjunction with

IF contours of Ps!wf plotted using option 4A.

Similarly option 4C can be run with the two other energy parameters

PSV'wf and Ps/V to rovide optimum climb for maximum range per unit mass

of fuel and maximum range respectively.

IC.4 Option 4D

This option Lorresponds to the options 3, 8, 17 and 22 in the overview of
Figoire 2.2.
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Figure 10.15 shows part of the dialogue used when running P2V2 and P4V2
for producing 1g SEP differential contours. First the program ACRAFT written
for the first aircraft was run using data from the store file AC1.STR generating
ACI.NUM for input to P2V2. In a similar manner AC2.NUM was created for the
second aircraft. This part of the dialogue was omitted as it is the same as for
option 4A.

Figure 10.16 shows the plot obtained using the dialogue above. On this
plot the lift limit boundaries for both aircraft have been plotted by P4V2
together with the differential P. contours.

10.5 Option 4G

This option corresponds to the options 4, 9, 18, 23 in the overview of
Figure 2.2.

Figure 11.17 shows a typical dialogue used when running the three
programs ACRAFT, r2% 2 and P,42 to produce a set of SEP contour plots at a
constant altitude on a Mach number, turn rate grid.

Program ACRAFT produces a file EXAMPL.NUM for input to program P4V2 and a
file EXAMPL.TXT ready for printing and shown in Figure 10.18 which is similar to
the one described in Paragraph 10.2.

A plot produced using the dialogue above is shown in Pigure 10.19.
Contours are labelled at their start with a level number which is identified at
the right hand side of the plot. Superimposed are the lines of constant load
factor and turn radius. The lift limit and structural load factor boundaries
are also generated by P4V2 with the contours outside the structural limit drawn
with a dashed line and the points outside the lift limit boundary ignored.

Figure 10.20 shows SEP contour plots at a constant altitude but on a Mach
number, load factor grid; the presentation is slightly different but the lift
limit has again been generated by P4V2.

10.6 Option 4Z

This option corresponds to the options 5, 10, 19, 24 in the overview of
Figure 2.2.

Fig 10.21 shows a typical dialogue for producing a plot of SEP versus
!a:h number for several load factors at a given altitude using the two programs
ACKAFT and P2V2; the plot generated is shown in Figure 10.22.

Plots on this format were previously used (Reference 1) to obtain
contours of P. on a Mach number, turn rate grid at a specified height; this
is now done using option 4G and this format does not present much interest any
more.
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. PUN QRncFT

MANEUVERABILITY GRID CALCULATION

IMFERAL (0) OR S.1. () UNIT" C

AIRCRAFT DAT-'4 FILENAME EXAMPL. $TR

AIRCRAFT EXAMPLE DATE 2I-Jun-e3 TIME iZ:56 3.7
2 AIM-9 - GUNS. - 50% FUEL

P'. PS/WF. PSv/WF OR P"/V (1, 2. 3 OR 4) ? 1

IS HP THE HEIGHT VARIAEL- -, Y

PRESET GRID (Y. N OR C/R) N

HPO . HP STEP FT, NC. OF STEPS Cf. (5000. 13

MACH(, MPCH LTEP , NO. OF S TEPS ti, . 05, 2

GRID FOR LOAD FACTCR (01, OR TURNRATE (1)

G: G -TEP , NC. CF STEP'; - ! , .,3

FOWER (MIL-I 0, 1X-jo0 "

WING SWEET (IF UP IELE)

NC::LE D)EFLECT:ON V: V.RIALLE( "' ',

* EVIP-:CN:ocq

CUTFU -TEXT. 2-NO> . 2-ECTH ) "3

0/c' F:LENAE FR' UN:T CF EXAMPL. TX7

c,
'
r
' 

FILENAME FOR UNIT 3 -. EXPMFL. NUr

C9LCULAT ON

ALTITUDE 'P - :.o T
ALTr TUDE "4P - 5,)F. -
PLT:TUDE -,P - I Ciu ,1J. C FT
ALTITUDE f-F - :5f00.'I' Ft
(PLTrTUDE wF - rnC;. FT

;LT ITUDE HP - :s':.
PLT'ITUDE rF' - z0"to, . U
ALTITUDE HP - Z35.0.0 i'T
PLT I TUDE HP - 4'0C.10). "I =T
4LT:TUDE HP - 450001. C1 FT

;ILT : TUDE HF - 5'C(i. Cl FT
,-LT:TUCE HP - 55 WH'). ) F-

OTUZE NP' - E.CCY*FT
'TOF

END OF E'\EC'.JTION
CF'J TI'rE 13I5 ELFSED TIME' 2!.4.::

FIG. 10.1(a) Sample Dialogue for Option 4A
(Load factor grid, PS as energy parameter)
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.R;UN C'.Y:

Cr :CJN4 C, ICR) ZCJ9

cto PS CC'-C;Ur ON CIL VC, MACH Cr<:D '.n.cJ
DiArF SflEE P*ILUENPE * NUMI

DAC-P ORE N4 IP'ERIAL UNI
T

>- I--SG r-R~E ...
.. CON3TANT :NC. OF LOAD C'&R ..-

~E.Y Y53"., NC * P CF T

0;UFUT 0A67 FOR N )LL

E-ND CF ENECUTION4
CFLj 7I1,E. .0 ELzr-: T 5.SU

. RUN C'tV

NFtT' = LENPrE F1P..

nr,,7; PF;'z N 1 1rFR:1L .' E F rco :,
CCN3T- 4 INC. .,C -C

7, r

EU C7F EX:2'-'::N

FIG. 10.1(b) Sample Dialogue for Option 4A (cont)
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AL--'UUE HP 0.0 FT

MAX MACH * 1.0

TABULATED VALUES PS - FT/S
TURNRATE - DEG/S

I MACH TAS ES H WF TIRMAX EIAX LOAD FACTR
NO KT FT FT LB/HR DEG/S G UNITS

1.00 3.00 5.00

2 .050 33.1 48. 0. 7418. 0.00 0.22 -48.5 -9999.9 -9999.9
0.00 93.40 161.78

3 .100 66.1 194. 0. 7479. 0.00 0.43 1.8 -87".3 -3204.0
0.00 46.70 80.89

4 .150 99.2 436. 0. 751. 0.00 0.77 40.4 -412.7 -1486.8
0.00 31.13 53.93

5 .200 132.3 775. 0. 7603. 6.28 1.26 80.2 -286.4 -1046.8
0.00 23.35 40.45

6 .250 165.4 1211. 0. 7664. 10.52 1.88 117.5 -189.6 -814.9

0.00 18.68 32.36
7 .300 198.4 1743. 0. 7727. 13.47 2.64 142.1 -107.1 -642.1

0.00 15.57 26.96
8 .350 231.5 2373. 0. 7795. 16.05 3.55 162.7 -33.5 -500.7

0.00 13.34 23.11

9 .400 264.6 3099. 0. 7870. 18.48 4.59 179.1 34.8 -379.5
0.00 11.68 20.22

10 .450 297.7 3923. 0. 7953. 20.84 5.77 191.3 83.7 -271.4
0.00 10.38 17.98

11 .500 330.7 4843. 0. 8044. 23.17 7.09 198.8 101.5 -171.7
0.00 9.34 16.18

12 .550 363.3 5860. 0. 8139. 25.48 8.55 200., 112.1 -77.
0.00 3.40 14.71

13 .600 396.9 6973. 0. 8236. 27.78 10.14 196.7 1 ..1 -a5 "
0.00 7.78 11.4

i4 .650 430.0 8184. 0. 5333. 30.07 11.88 185.0 100.2 -42.6
0.00 7.18 12.41

15 .700 463.0 9491. 0. 8422. 32.36 13.75 160.0 57.6 -57.2

0.00 6.67 11.56
16 .750 496.1 10896. o. 8496. 34.64 15.77 120.9 50.8 -89.3

0.00 6.23 10.7Q
17 .800 529.2 12397. 0. 8549. 36.93 17.92 63.4 -5.5 -143.3

0.00 5.8" 10.11
18 .850 562.3 13995. o. 5576. 39.21 20.21 -38.4 -109.9 -252.9

0.00 5.49 9.52

19 .900 595.3 15690. 0. 8580. 41.50 22.64 -219.9 -299.2 -457.7
0.00 5.19 8.99

20 .950 628.4 17482. 0. 5569. 43.78 25.21 -546.8 -641.1 -829.8
0.00 4.92 8.51

211.000 661.5 19370. 0. 8550. 46.07 27.92 -97Q.7 -1088.9 -1307.2
0.00 4.67 8.09

i

FIG. 10.2(b) Sample Output Listing of Program ACRAFT: Extract
(Load factor grid, Ps as energy parameter)
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.RUN ACRAFT

rANEUVERABILITY GRID CALCULAT:ON

IMPERIAL (0) OR S.!. (1) UNITS ? 0

AIRCRAFT DATA FILENAME ? EXAMPL.STR

AIRCRAFT EXAMPLE DATE ii-Oct-5Z TIME 15-27 00.4

2 AIM-S - GUNS - 50% FUEL

PS, PS/WF. PSV//WF OR PS/V (1. 2. - OR 4) ?

IS HP THE HEIGHT VARIABLE 7 Y

PRESET GRID (Y. N DR C/R) N

HPO . HP STEP (FTI. NO. OF STEPS ? 0.5000.13

MACHO. MACH STEP . NO. OF STEPS ? 0..025-41

GR:D FOR LOAD FACTOR (0). OR TURNRATE (1) 7:

RO .TR STEP . NO. OF STEP'S 0,4.3

POWER MIL-100.MAX-200) I I0

WING SWEEP (IF VARIABLE) 0

NOZ LE DEFLECT:ON P VARIPELE) '

ATMOSPHERE . DEVIATION 7 ICAOC

OUTPUT (1-TEXT.2-NOS. ,3-EOTH) 3

3/0 FILENAME FOR UNIT 6 EXAMPL.TXT

C/c' cILENAME FOR UNIT 8 7 EXAMPL.NUM

CALCULATION I

ALTITUDE HP - 0.0 =T

ALTITUDE HP - 5000.0 FT

ALTITUDE HP - I 000C;.0 cT
ALTITUDE HP - 15,00.0 FT
ALTITUDE HP - 2000C.0
ALTITUDE HP - 25000.0 FT

ALTiTUDE HP - Z0000. 0 CT
ALT:TUDE HP - 350t1O0.0 FT
ALTITUDE HP - 4o000.0 FT
ALTITUDE HP - 450)0.0 FT

ALT I TUDE HP - 50000. 0 PT
ALTITUDE HP - 5500:'.O FT

ALTITUDE HP - 60000.0 F'T

END OF EXECUTION
CPU TIME 4(U. I ELAP'-ED TIME: 6 27.32
IEXIT

FIG. 10.4(a) Sample Dialogue for Option 4A

(Turn rate grid, PsV/Wf as energy parameter)
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.RUN P2OV-

COM[,AT PERFORMANCE PROCESSING

OPTION OR (CR) FOR HELP , 4R

4A PS CONTOURS ON ALT VS MACH GRID (P24A1.CON)

DATA BASE FILENAME - EXAMPL.NUM

DATA ARE IN IMPERIAL UNITS. ENERGY PARAMETER IS PSV/IOOOWF ..

, CONSTANT INC. OF TURN RATE

REPLY "YES". "NO", "ALL" OR "END"

OUTPUT DATA FOR TR - 0.00 ? ALL

END OF EXECUTION
CPU TIME. 12.73 ELAPSED TIME- 3-3.3G

EXIT

.RUN P4U2

INPUT FILENAME : PD4Pl.CDN

. DATA ARE IN IMPERIAL UNIT-- ENERGY PARAMETER IC PSV/100OWF *'

- CONSTANT INC. FOR TURN RATE .

CONTOUR PLOTTING

SCALES IN UNITS/IN OF PLOT - MACH. ALT - .2 1000c

SMCOTHED AND TEXTURED ZONTCURS N

PLCT ES CONTCUR_ Y

CONTOUR LEYEL3 - START. STEP. NO. * 5C00.5000.15

PL0T TP - 0. CO ". N

PLOT TR - 4.:])) ,

CCNTCUR LEVELE - 3TATPC STEP, NC. , -20:,50.:3

-LOT TP - z.00 , N

END OF EXECUTION
CF'U TIME, 11.6) ELAPSED E 214.82

FIG. 10.4(b) Sample Dialogue for Option 4A (cont)
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AT'LLXDE HP 10000.0 FT

MAX MACH 1.0

TABULATED VALUES : PSOVIWF - FT*2/LB.S/1000
LOAD FACTR - G

I M4ACH TAS ES H WF TRMAX E2iAX TURNRATE

NO K7 FT FT LB/HR DEG/S G UNITS

0.00 4.00 8.00

3 .075 47.9 10101. 10000. 5543. 0.00 0.21 -3.7 -4.0 -4.8
1.00 1.02 1.06

5 .100 63.8 0180. 10000. 5575. 0.00 0.30 -3.0 -3.4 -4.5
1.00 '.03 .10

6 .125 79.5 10282. 10000. 5609. 0.00 0.41 -2.2 -2.8 _,4.7
1.00 1.04 1.16

7 .150 95.7 10406. 10000. 5643. 0.00 0.54 -0.3 -1.8 -4.7

100 1.06 1.22

8 .175 111.7 10552. 10000. 5679. 0.00 0.69 1.1 -0.3 -4,3

i.0O 1.08 1.20
9 .200 127.7 10722. 10000. 5716. 0.00 0.37 3.6 1.7 -3.9

i.00 1.10 1.37
10 .225 !43.6 10913. 10000. 5755. 2.98 1.07 6.5 4.i -2.2

1.00 1. 49
11 .250 159.6 11127. 10000. 5795. 5.70 1.30 10.0 6.9 -2.

1.00 1.16 1.'4

12 .275 175.5 11364. 10000. 5836. 7.39 1.55 13.9 10.2 - 1

1.00 1. 10 1.63
13 .300 191.5 11623. 10000. 587Q. 3.72 1.33 18.0 13.3 0.2

1.20 1.22 1.72
14 .325 207.5 11905. 10000. 5923. 9.8 2.13 21.4 1 7 3 1.

1.00 1.26 I 1.2

15 .35J 223.
4  

12210. 10000. 5969. 10.92 2.45 24. 21.3 3.7
1.20 1.20 1,2

16 .375 239.4 12537. 10000. 6017. 11.91 2.79 28.5 23.3 5.9

1.00 1._3 2.02
17 .400 255.3 12886. 10000. 6066. 12.35 3.17 02.3 27.3 9.,

.CC .137 2.12
18 .425 271.3 13258. 10000. 6117. 13.75 3.56 35.6 30.3 11.1

1.00 1.41 2.22

19 .450 287.2 13653. 10000. 6170. 14.64 3.98 33.0 33.2 14.2

1.00 1.45 2.33

20 .475 303.2 14070. 10000. 6224. 15.51 4.42 142. 4 35.9 16.3
1.00 1.43 2.33

21 .500 319.2 14510. 10000. 6280. 16.-r 4.89 45.6 78., 16.3
1.00 1.53 2.5"

o2 .525 335.1 4972. 10000. 6338. 17.21 5.38 48.6 40.7 17.2

1.00 1.58 2.65
23 .550 351.1 15457. 10000. 6398. 18.06 5.89 51.a 42.8 17.1

1.00 1.63 2.76
24 .575 367.0 15q64. 10000. 6359. 18.80 6.33 53.9 43.6 16.7

1.00 1.68 2.87

25 .600 383.0 16494. 10000. 6523. 19.73 6.93 56.0 46.0 15.9
1.00 1.72 2.98

26 .625 3,99.0 17046. 10000. 6588. 20.56 7.57 57.9 37.1 1.8
1.00 1.77 3.09

27 .t50 413.? 17621. 10000. 6t53. 21.38 8.18 59.0 47.3 12.5

FIG. 10.5 Sample Output Listing of Program ACRAFT
(Turn rate grid, P V/wf as energy parameter)t s
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.RUN ACRAFT

MANEUVERABILITY GRID CALCULATION

IMPERIAL (0) OR S.I. (1) UNITS ? 0

AIRCRAFT DATA FILENAME ? DUMMY.STR

AIRCRAFT EXAMPLE DATE 1l-Oct-03 TIME 16-05 56.9

AIR SUPERIORITY , 2 AIMS - 5CZ FUEL

PS. PS/WF. PS-v/WF OR PS/V (1. 2. 3 OR'4) 7 1

IS HP THE HEIGHT VARIABLE ? Y

PRESET GRID (Y. N OR C/R) ? N

HPO . HP STEP (FT). NC. OF STEPS ? 0.10000.2

MACHO. MACH STEP . NO. OF STEPS ? .4-2.6

GRID FOR LOAD FACTOR (0). OR TURNRATE (1) ?0

GO , G STEP , NO. OF STEPS ? 1.5.15

POWER (MIL-100oMAX-2001 ? 200

WING SWEEP (IF VARIABLE) ? 0

NOZZLE DEFLECTION (IF VARIABLE) ? 0

ATMOSPHERE • DEVIATION ICA0O.

OUTPUT (1-TEXT.2-NCS..3-BOTH) ? 3

0/P FILENAME FOR UNIT 6 7 EXAMPL.TXT

O/P CILENAME FOR UNIT 5 ? EXAMPL.NUM

CALCULATION

ALTITUDE HP - 0.0 -T
ALTITUDE HP - 10000.0 FT

STOP

END OF EXECUTION

CPU TIME- 4.43 ELAPSED TIME, 3-7.S

EXIT

.RUN P2V2

COMBAT PERFORMANCE PROCESSING

OPTION OR (CR) FOR HELP - 48

4B PS VS OMEGA/ETA FOR GIVEN HEIGHT. (P2.PLT)

DATA BASE FILENAME . EXAMPL.NUM

DATA ARE IN IMPERIAL UNITS. ENERGY PARAMETER IS PS ..

-m CONSTANT INC. OF LOAD FACTOR ...

.CALES IN UNITS/INCH OF PLOT

TURN RATE/LOAD FACTOR . ENERGY VARIABLE 4 .200

MAXIMUM FOR ENERGY AXIS * 400

ENERGY AXIS LENGTH (IN) , T

REPLY "YES-. "NO". "ALL- OR "END"

HEIGHT - 0.0 FT ? N

HEIGHT - 10000.0 FT ? Y

MACH - .400 7 N

MACH - .600 ? N

MACH - .600 ? Y

MACH - 1.000 ? Y

MACH - 1.200 7 E

END OF EXECUTION

C-,J TIME- 4.G3 ELAPSED TIME- 2,ZG.30

EXIT

FIG. 10.7 Sample Dialogue for Option 4B
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.RUN ACRAFT

"sUUIjr. uVER1I Y~o GII, Ot'4LCUL ATEUN

IMPERIAL (Q) OR S.1. lII UNITS i

AIRCRAFT DATA FILENAME t7 EXAtMPL.tT

AIRCRAFT EXAMPLE OprE 15-Oct-03 TIME IC'' 24 41".1

2 AIM-3 - GUNS - S,:- FUEL

Ps. FS/kF. PSay/UF OR Pt/V (1. OR 412

IS *1P THE HEIGHT VARIAGLE N

MiAXI MUM MANEUVER 0

ESC' . E! STEP IFT). NO. OF STEPS Suiii.S'i.1

GR ID FOR LOAD FACTOR t0) . OR TIJkNNG.TE () Ih

G 0 . G STEP . NO. OF ETEF'S-. 1. .5

POW.ER (MIL-t'gi.rMAX- ;-,iJ) I

.JINO R-jFP EIF VARIRICLE) -i

NOZZLE DEFLECTION 'IF VARITIELE) '7 1)

ATMO-PHERE . DEVIATION - ICAO-'i

CUTFIJT i-rr.-N3..COsu -3

U/P F ILENAME FOR UNIT 6 EXPOPT. -YT

0/P FXLENAFE FOR UNI7 a ExpOrT.,,UM

CALCULATIONI

ENERGY STATE E Z - 5iIJ Pi T
ENERGY STATE E- - I_)'' "i
ENERGY STATE ES' - 13 7Ci* cF

ENERGY S-TATE E S - 2,li P7 F
ENERGy STATE E S - -11iiit'i
FNFF ',tY -,TATE ES - 3-i i.c F7
ENEFRGY STAITE Et - :!S,.. F7
ENERGY STATE ESl - 4 c1-i.c F7

ENEOY ':TnT F; - 15i,)fl. 11 F7

F NE lGCY - :. ES - 5cii 1~ii FT

ENER GY -STAT E ES - 35,11i Ii. 11 7

F NFROT C ATE ES - 0 ,' ciii.) FT

ENER GY SITATE ES - 65OUiL' FT

ENR -Fr EXECU'TTDN
(:P-, TI ME . 41. 99 ELAPT ED TI;ME Si5 1
EXIT

,RUJN P525:

COrrnT PERFORMANCE FRCCESSINO

OPTION OP ICR) FOE HELF 4C

-1C MAXIMUM MANEUVER DIAGRAM - MMD. (PZ.PLT)
DATA EASE FILENAME SEAACFTr.NJM

*DATA ARE IN IMFERIAL UNI--. ENERGY FAFAMETE. iS FSa

... CIN;TANT INC. CF LOWD iCTCE a.

'TCr)LE IN UNIT/INCH OF -_0T

I'S MIN VCILUE. PS AXIS. LENGTH( IN>. 2-Tc

Rfr YE. -4':z 'PL- *' JrEUIL

r'a) Of EEITCIT ION

FF5, TIME-.:. ElLAI"ED TIME, i' 0.i
E<:I

FIG. 10.9 Sample Dialogue for Option 4C
(Load factor grid)
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I* ENERGY STATE ES 5000.0 FT ***

G 1.00 2.00 3.00 4.00 5.00 4.11

PS FT/S 199.54 163.60 103.70 19.85 .156.25 0.00
OMEGA DEG/S 0.000 5.629 9.192 12.587 15.921 12.963
MACH 0.508 0.508 0.508 0.508 0.508 0.508
TAS KT 336.044 336.060 336.064 336.069 336.070 336.069
HP FT 1. 0. 0. 0. 0. 0.
WF LB/HR 8059. 8059. 8059. 8059. 8059. 8059.

TIME S 0.00
FUEL LB 0.
RANGE N.M. 0.000

age ENERGY STATE ES 10000.0 FT *00

1.00 2.00 3.00 4.00 5.00 4.3;

PS FT/S 186.91 154.16 101.55 30.60 -57.48 0.00
OMEGA DEG/S 0.000 4.654 7.373 9.794 12.046 10.577
MACH 0.608 0.620 0.638 0.6r7 0.674 0.663
TAS KT 398.166 406.518 419.010 431.908 144.179 436.171
HP FT 2982. 2684. 2228. 1742. 1266. 1576.
WF LB/HR 7779. 7854. 7966. 8081. 8189. 8115.

TIME S 25.88
FUEL LB 57.
RANGE N.M. 2.591

* ENERGY STATE ES 15000.0 FT e

o 1.00 2.00 3.00 4.00 5.00 3.90

PS FT/S 167.19 130.52 -1.45 -8.17 -106.97 C.0n
OMEGA DEG/S 0.000 4.507 7.097 9.463 11.578 Q.220
MACH 0.633 0.651 0.674 0.691 0.712 0.689
TAS KT 407.431 419.731 435.265 447.023 462.126 445.817
HP FT 7651. 7201. 6613. 6153. 55U6. 6201.
WF LB/HR 7030. 7155. 7314. 7434. 7589. 7422.

TIME S 54.12
FUEL LB 115.
RANGE N.M. 5.654

FIG. 10.10 Extract of Sample MMD with a Load Factor Grid
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.RUN ACRAFT

MANEUVERABILITY GRID CALCULATION

IMPERIAL (0) OR S.I. (1) UNITS ? 0

AIRCRAFT DATA FILENAME 7 EXAMPL.STR

AIRCRAFT EXAMPLE DATE 11-Oct-83 TIME 15-12 21.8

2 AIM-9 - GUNS - 50% FUEL

PS, PS/WF. PS*V/WF OR PS/V (1. 2. 3 OR 4) ? 1

IS HP THE HEIGHT VARIABLE ? N

MAXIMUM MANEUVER 7 Y

ESO . ES STEP (FT). NO. OF STEPS ? 0.10000.8

GRID FOR LOAD FACTOR (0). OR TURNRATE (1) ?1

R0 *TR STEP * NO. OF STEPS ? 0.4.4

POWER (MIL-100.MAX-200) ? 100

WING SWEEP (IF VARIABLE) ? 0

NOZ:LE DEFLECTION (IF VARIABLE) ? 0

ATMOSPHERE . DEVIATION ? ICAO.O

OUTPUT (I-TEXT.2-NS..3-BOTH ? 3

O/P FILENAME FOR UNIT 6 ? EXAMPL.TXT

O/P FILENAME FOR UNIT B EXAMPL.NUM

CALCULATION

ENERGY STATE ES - 0.0 FT
ENERGY STATE ES - 10000.0 FT
ENERGY STATE ES - 200)00.0 FT

ENERGY STATE ES - 30000.0 FT

ENERGY STATE ES - 40000.0 FT

ENERGY STATE ES - 50000.0 FT

ENERGY STATE ES - 60000.0 FT
ENERGY STATE ES - 70000.0 FT

STOP

END OF EXECUTION
CPU TIME. 25.67 ELAPSED TIME- 5.3.72

EXIT

.RUN P2V=

COMBAT PERFORMANCE PROCESSING

OPTION OR (CR) FOR HELP , 4C

4C MAXIMUM MANEUVER DIAGRAM - MMD. (P2.PLT)

DATA BASE FILENAME * EXAMPL.NUM

*.. DATA ARE IN IMPERIAL UNITS. ENERGY PARAMETER IS PS
... CONSTANT INC. OF TURN RATE ...
SCALE IN UNIT/INCH OF PLOT

ES ,PS 10000.200

PS MIN VALUE. PS AXIS LENGTH( INS) * -800.6

REPLY "YES"- "NO*- "ALL" OR 'END"
TR - 0.00 ? ALL

END OF EXECUTION

-j CPU TIME- 5.05 ELAPSED TIME. 1-0.88

EXIT

FIG. 10.12 Sample Dialogue for Option 4C
(Turn rate grid)
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too ENERGY STATE ES 10000.0 FT **0

OMEGA DEG/S 0.000 4.000 8.000 12.000 11.468

PS FT/S 186.91 163.44 94.94 -14.57 0.00

G 1.00 1.73 2.87 4.01 3.86
MACH 0.608 0.591 0.563 0.543 0.545
TAS KT 398.166 386.357 367.269 353.352 355.204
HP FT 2982. 3392. 4029. 1473. 4413.
WF LB/HR 7779. 7675. 7507. 7386. 7402.

TIME S 1.00
FUEL LB 0.
RANGE N.M. 0.000

@s ENERGY STATE ES 20000.0 FT 0*

OMEGA DEG/S 0.000 4.000 8.000 12.000 8.315

PS FT/S 144.88 111.62 14.34 -167.73 0.00

3 1.00 1.81 3.05 4.91 3.20
MACH 0.666 0.654 0.624 0.689 0.629
TAS KT 421.725 413.425 393.545 437.415 3Q6.QQO
HP FT 12125. 12433. 11144. 11,;c. 11016.
WF L3/HR 6316. 6225. 6311. 61401. 609.

TiE 3 60.28
F L L B lie.

RANGE N.M. 6.693

O ENERGY STATE ES 30000.0 oTff

OMEGA DEG/S 0.000 4.000 3.000 12.000 5.356

PS FT/S 97.78 48.50 -94.59 -490.06 0.00

G 1.0 1.87 3.26 5.514 2.314
MACH 0.748 0.705 0.606 0.805 0.702
TAS KT 458.125 430.260 424.14 46.000 428.204
lP FT 20709. 21805. 22014. 19109. 21882.
WF LB/HR 5080. 4767. 4702. 5541. 4745.

TIME S 142.70
FUEL LB 248.
RANGE N.M. 16.659

FIG. 10.13 Extract of Sample MMD with Turn Rate Grid
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. RUN PV2

COMEAT PERFORMANCE PROCESSING

OPTION OR (CR) FOR HELP a 4D

4D PS DIFFERENT. PLOT(P24AI.CON.P24AZ
'.
CON.P24DIF.CON)

DATA BASE FILENAME I ACI.NUM

M DATA ARE IN IMPERIAL UNITS. ENERGY PARAMETER IS PS

... CONSTANT INC. OF LOAD FACTOR *,
REPLY "YES". "NO", "ALL" OR "END"

OUTPUT DATA FOR N - 1.00 ? Y

COMPARISON FILENAME ' AC2.NUM

END OF EXECUTION

CPU TIME' 13.19 ELAPSED TIME: 147.32
EXIT

.RUN PGV2

INPUT FILENAME . P'4OIF.CON

*w DATA ARE IN IMPERIAL UNITS., ENERGY PARAMETER IS. PS

.-. CONSTANT INC. FOR LOAD cACTOR -- a
CONTCUR PLOTTING

CALEZ- IN UNITS/IN OF PLOT - MACH. ALT . 000

SMOOTHED AND TEXTURED CONTOUFO N

P-LOT ES CONTOURC. N

PL'OT G - .0 Y

CONTOUR L. EYC - START. STEP, NC. . -100 ,?5,9

3-Op

END Or EXEOUTION

CPUJ "rIME, C.33 ELAPFEED TIME, 1:55.80
EXIT

FIG. 10.15 Sample Dialogue for Option 4D
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.RUN ACRAFT

1ANEUVERABILITY GRID CALCULATION

IMPERIAL (0) OR S.I. (1) UNITS o

AIRCRAFT DATA FILENAME ? EXAMPL.STR

AIRCRAFT EXAMPLE DATE 12-Oct-83 TIME 14-5Z 09.1
2 AIM-9 - GUNS - 50% FUEL

PS. PS/WF. PS-V/WF OR PS/V (i. 2. 3 OR 4) ? 1

IS HP THE HEIGHT VARIABLE ? Y

PRESET GRID (Y, N OR C/R) ? N

HPO , HP STEP (FT). NO. OF STEPS -0. 0000.2

MACHO. MACH STEP . NO. OF STEP 0-.025.41

GRID FOR LOAD FACTOR (0). OR TURNRATE (1) '

RU ,TR S
T
EP • NO. OF STEP': 0,.5.41

POWER (MIL-100.MAX-200) ? 100

WING SWEEP (IF VARIAE:LE)

NOZZLE DEFLECTION (IF VARIAELE) C) 0

ATMCSPHERE , DEVIATION FOC

CUTFUT (I-TEXT.Z-NOS.,3-BCT-; =

O,' =ILENAME :OR UN:T 6 - EXAMPL. TX-

O/P FILENAME FOR UNIT 8 EXAMPL.NUM

CALCULAT:CN I

ALTITUDE HP - C0.3 0T
ALT-UDE -F' - 1I '1. F-

END OF EXECUTION

CPU TIME: 25.49 ELAPSED TIME- 3,47.10
EXIT

FIG. 10.17(a) Sample Dialogue for Option 4G
(Turn rate grid, PS as energy parameter)
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.RUN P2V2

COME:AT PERFORMANCE PRCCESSING

OPTION OR (CR) FOR HELP I 4G

DATA EASE FILENAME - EXAMPL.NUM

,fl DATA ARE IN IMPERIAL UNITS. ENERGY PARAMETER I, PS

CONSTANT INC. OF TURN RATE ...

REPLY YES" "NC, "ALL" R -END',

OUTPUT DATA FOR ? - C. ALL

END OF EXECJTION

CPU TIME, 12.17 ELAPSED TIME, 1'0.2-

.RUN 04V2

INPUT FILENAME , P.C4G.CCN

as- DATA ARE IN IrPERIAL UNIT,., ENERGY PARAMETER FS PS

u CONSTANT INC. FOR TURN RATE ..-

CONTOUR PLOTTING

SCALES IN ONITF'IN 5F LC" - ,ALH.-.' , .2.:

T:,CC-ED CND TEXTURED CDN
T

U.LR'S -, N

;:-- -CAD c >T'h.RN RAD.GRID Y

'LOT - - 0. , Y

CONTOUR LEYE- - START. STEP, NC. * -C. "1.9

CtC' H -10)04..

'T~r'

E2 CF EXEZLUT:CN
CPI- TIME; :-ZL ELDF'ED: TIr1E1 I 43..3
EX:-

FIG. 10.17(h) Sample Dialogue for Option 4G (cont)

C721



0000 0 ~ 0'N. ~ 0'n ON -0' ~o .0~ on
.r.rr.r .0 *0 *0 *0 *o *0 .0 *N *~ .0

0000 NO 0' Q'N c.'- O~n 
0 '

N N~ 0'0 ~N 00' Nn
.0 .0 0 -0 .0 ~0 .0 ... .0' .0

* . . 0'. - 0'. N . .0.
nana r..- 0' a'- 0' N n N --

- - .- - 0' I 0' I
0' 0'

0000 NO -- 0'N n- 0'.I~ ~ 0'N .0N N~ *N NN
.r..~a'..- .0 .0 .0 .0 .0 '0 .0 .~ .0' .0

* 0'. 0'. - . 0'. n . - .
*~0'C 0' 0' 0' .C 0~ N~ n- -- 1 --

-- - - 0' 0' I I H I 1)
I 0' 0'

0000 0'o rr 0'N LflO 0'~ 0'- .0C n~c r-0' ~r.. N~ ~4

* . 0'. 0 . 0'. 0 . - N. .~ fl~ -- X
- - - - 0' I 0' H I

I 0' 0'

0000 "'0 n 0'N 0'0 ~0' 0'~ n.0 
0 '

a-n
~-'a-'.I'~C. .0 .0 .0 .0 *0 .0 0 .0

N N- N N- IN - 0' - ... I. - t - - .- - - -
- - - - 0' 2 H I I I

0'

~ 0000 no a'- 0'N no ~N .00 "0' N-n N.0 ~,.- N 0'
a 0000 .0 .0 0 .. ... 0 0 .. *N .0 .0

* . 0'. 0'~ 0'. n . .0 . .
- - .0 N 0'~

a NNNN -
- -- - - 0' I I t I C~ CZ

I I 0'

no NO 0'N 00 NN NO n0' NC NO -
.0 0 *0 .0 . .0 .0

-- N '~ -
- 0

0
no ~- 0 -z 

0 '
n '0'. N-n .rc .0.2 .4

0000 0 . - 0 .0 .- .1-.. -C .0

0
0000 a'Z 0' N- 0'Z 00 a'" 0' a'N NO INO U)

.0 . - - .- .- .N .0 .0
0'. 0 . . C . 0 N . - . - . C.

0a'or 0' - - - -- .z- -

U)

CO 0 0 0'. 00 ~-N NO 0'. .rC 00 -n -
- ------- I. ~ ~. --

00000 .0 . .0 .0 .~ *N .- ~ .o .0 U)
I I - I I I I I .- ~t

0 0 0 0 4-~0

- 0 - -' Za-J
0 0 .- 0 Qc~
0 0 0 0

0' 0' 0'

0 0' n -

0

0 I I 0 0 .- 0

0 . . . -,
0 I~IC 4/Il-. N 0' -

- n 0 0

0 .J
- 0 ~ a' - .0 -
- 0 -

C '0 0' 0'
- - N- -

0 .1..
=

o = 00 a' o a' 0
C C ~ N N
Z 0 E 0 0

0
- ~
C C N 0' n a'
2: 4-

I
'I..

-4
\ *,/



~2.0 0.2 .. 8

MO. 4.

5

K6=

'1'

nt o r o s c7, a c. 771-

z1 tfcra pc-fl



3 -00
4 -5 .

S 5 .01F 0/ 6= 50.0
150.a
200'5.

9= :

/. 2

c,-ur Dtscn a z
/ o :tcfe



.RUN ACRAFT

MANEUVERABILITY GRID CALCULATION

IMPERIAL (0) OR S.I. (1) UNITS 7 0

AIRCRAFT DATA FILENAME ? DUMMY.STR

AIRCRAFT EXAMPLE DATE 11-0,t-33 TIME 160U 36.)

AIR SUPERIORITY . 2 AiMq * 00% FUEL

PS. PS/WF. PS*V/iF OR PS/V (1. 2. 3 OR 4)

IS HF THE HEIGHT VARIABLE Y

PRESET GRID (Y. N OR C/R) ' N

HP( . HP STEP (FT) , NO. OF STEPS ?L, 0 LUoL. 2

MACHO. MACH STEP . NO. OF STEPS U .05.40

GRID FOR LOAD FACTOR (0), :JR TURNRATZ (Ii -0

GO G STEP , NJ. Or STEF3 I ,2.4

OWECR (MIL-100,MAX-ZoO) s'o

WING -.WEEP (IF VARIABLE) ?0

NOZZLE DEFLECTION (IF VARIAEPLE) o

ATMOCPHERE . DEVIATION ICAU.

'UTPUT (( -TEXT. Z-NO-..3-0TH) 2

3/P FILENAME FOR UNIT L r CX"MF'. TX7

U/P -ILENAME FOR UNIT 3 EXAMPL. NUM

CALCULATION ,

ALTITUDE HF - .F7

ALTITUDE HP - ijou.O FT
STOP'

END OF EXECUTION

CFU TIME' 7.02 ELAP-SED TIME, 2-34.3.

LXIT

.RUN P2V2

COMIAT PERFORMANCE PROCESS ING

OPTION OR (CR) FOR HELP , 4Z

42 OMEGA/ETA. P'. VS MACH FOR GIVEN HEIGHT. (PZ.PLT)

DATA BASE FILENAME I EXPMPL.NUM

DA OATA ARE IN IMPERIAL UNIT'. ENERGY F'ARAMETER IS PS

.,.. CONSTANT INC. OF LOAD FACTOR *

R-,EPLY "YES". "NO", 'ALL " OR "END"
HEIGHT - U.0 FT '7 N

HEIGHT - 10000.0 FT .' ALL

END OF EXECUTION

CPU TIME- 5.09 ELAPSED TIME, S.04

EXIT

FIG. 10.21 Sample Dialogue for Option 4Z

[761
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APPENDIX A

SU MARY OF MODIFICATIONS

The modifications incorporated are labelled KI, K2....... K8 in the

program listing and are as follows:

1. MODIFICATION KI

Addition of an option (4G) in program P2V2 to plot contours of the energy

parameter ,, on a Mach number, turn rate (or load factor) grid; one page of plots

being produced for each pressure height (or energy state).

This involved some modifications to the routines in P2V2 and two new

subroutines GRIDC and P4PS4G in P4V2.

2. MODIFICATION K2

Calculation and plotting of the boundaries corresponding to the lift

limit and structural limit in the options 4A and 4G available in P2V2.

This involved some modifications in PIV2 to calculate and print the

boundary points, and in P2V2 to calculate the points on the boundary plot for

option 4A. In addition two new subroutines BOUND and ESTBOUD'' where provided in

P4V2.

3. MODIFICATION K3

Restructuring of subprogram PlV2 and the user supplied routines

facilitate the programming of these user routines.

Also refers to modifications in PIV2 and P24LIB to allow for vectored

thrust aircraft.

4. MODIFICATION K4

Provision of a turn rate grid as an additional option (as an alternative

to the load factor grid) when running ACRAFT and hence the option of plotting

either load factor or turn rate when using various plotting options available in

P2V2.

5. MODIFICATION K5

The additional option of a fourth type of energy parameter F V

has involved modifications in PIV2 and in P24LIB.

6. MODIFICATION K6

Modifications to allow for a PACAM2 tabulated data file in ASCII to be

used as input by the user defined routines THRUST and AERO as an alternative to

the spline fitted information stored in binary.

I,



7. MODIFICATION K7

Restructuring of P4V2 which was mostly rewritten. Subroutines POON, PES,
GRIDC, P4PS4A, P-4PS-.C are new and other modifications were made in P4V2 and
P4LIB.

8. MODIFICATION K8

Following on from modification K4, PIV2 was modified and RATE2 (in P2V2)
was rewritten in order to improve the accuracy of the results in opt ion 4C.
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